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FIFTIETH ANNUAL REPORT 


Or THE 


SECRETARY 


OF THE 


STATE BOARD OF AGRICULTURE 


OF THE 


STATE OF MICHIGAN 


AND 
TWENTY-FOURTH ANNUAL REPORT 


Or THE 


EXPERIMENT STATION 


FROM 


JULY 1.1910, TO: JUNE 30, 1911- 


LIBRARY 
NEW YORK 
BOTANICAL 


BY AUTHORITY _ 


LANSING, MICHIGAN 
WYNKOOP HALLENBECK CRAWFORD CO., STATE PRINTERS 
1911 


REPORT OF THE SECRETARY 


OF THE 


STATE BOARD OF AGRICULTURE 


Kast LANSING, Micu., July 1, 1911. 


To Hon. Cuaser 8S. Ossorn, 
3 Governor of the State cf Michigan: 

Sir—I have the honor to submit to you herewith, as required by law. 
the accompanying report for the fiscal year ending June 30, 1911, with 
supplementary papers. 

Very respectfully, 
ADDISON M. BROWN, 
Secretary of the State Board of Agriculture. 


STATE BOARD OF AGRICULTURE. 


Term expires. 


ROBERT D. GRAHAM, Grand Rapids....... 1st Monday January, 1914 
CHAIRMAN OF THE BOARD. 
WILLIAM L. CARPENTER, Detroit........ Ist Monday January, 1912 
WILLIAM J. OBERDORFFER, Stephenson. .1st Monday January, 1912 
mie) tS , DOUGLRTY, Clare 2... 0.2022: Ist Monday January, 1914 
WILLIAM H. WALLACE, Saginaw ........ 1st Monday January, 1916 
PEON WATRMER BURY, “Detroit: 2:5 4 c0..6 6-2 ist Monday January, 1916 
LUTHUR L. WRIGHT, Surr. or Pustic INSTRUCTION,...... Ex-Officio. 
JONATHAN L. SNYDER, PReEsIDENT or THE COLLEGE,...... Ez-Officio. 


ADDISON M. BROWN, East Lansing, Secretary. 
BENJAMIN F. DAVIS, Lansing, Treasurer. 


STANDING COMMITTEES. 


Division oF AGRICULTURE ......... I. R. Waterbury, R. D. Graham. 
DIVISION OF ENGINEERING ......... A. J. Doherty, W. L. Carpenter. 
Division or Home Economics ..... W. J. Oberdorffer, I. R. Waterbury. 
Division or Scimnce AND Lerrers...W. L. Carpenter, W. J. Oberdorffer. 
EXXPERIMENT STATION ............. W. H. Wallace, A. J. Doherty. 
LES ELEC) OU ep ene a a R. D. Graham, W. L. Carpenter. 
BSeBOM a tee Mae tala eee: R. D. Graham, W. H. Wallace. 
Farmers’ INSTITUTES ............. A. J. Doherty, W. H. Wallace. 


BUILDINGS AND CoLLece Property.. I. R. Waterbury, W. J. Oberdorffer. 


App 16 1912 


MICHIGAN AGRICULTURAL COLLEGE. NE RARY 
(Under Control] of the State Board of Agriculture.) 


FACULTY AND OTHER OFFICERS. 


JONATHAN L. Snyper, A. M., Ph. D., LL. D., President; 2>¢ Feb. 25, ’96. 

Wo. J. Beat, Ph. D., D. Sc., Emeritus Professor of Botany; 2» June 9, 
70; © June 15, 710. 

Frank 8. Kepziz, M. S., Professor of Chemistry; 2 Sept. 15, ’80; »¢ 
Sept. 1, 02. 

Levi R. Tarr, M. 8., Superintendent of Farmers’ Institutes and State 
Inspector of Orchards and Nurseries; ? Aug. 1, ’88; >¢ July 
= 202; 

WarrREN Bascock, B. 8., Professor of Mathematics; 2 June 30, ’91; 
eosuly 1.709. 

WIvevr O. Heprick, M. S., Ph. D., Professor of History and Economics; 
ab Aug. 24, 91; ¢ June 20, ’06. 


- Herman K. Vepper, C. E., Professor of Civil Engineering; 2» Sept. 15, 


1 Sualy, 7,09: 

Watrter B. Barrows, B. 8., Professor of Zoology and Physiology and 
Curator of the General Museum; 2°¢ Feb. 15, 94. 

CuHartes E. MarsHai, Ph. D., Professor of Bacteriology and Hygiene; 
a Sualy20; 7965.8 Sept, 1,02: 

Rurvus H. Perrir, B. 8. in Agr., Professor of Entomology; # Jan. 1, 
797; © Sept. 1,.°06. 

JosepH A. Jerrery, B. S. A., Professor of Soils and Soil Physics; 2 
eM btgle 200s TAS. 6.1 OS. 

Maupbe Gitcurist, B. S., A. M., Dean of Home Economics; #»¢ Sept. 
101. 

Appison M. Brown, A. B., Secretary of the College; 2>¢ June 1, ’02. 

Ropert 8. SuHaw, B.S. A., Dean of Agriculture; #» Sept. 1, 02; ¢ Jan. 
15, 708. 

*Cuester L. Brewer, B. S., Professor of Physical Culture and Director 
of Athletics; 2>¢ Sept. 1, 703. 

ArtHuR R. Sawyer, B. S., E. E., Professor of Physics and Electrical 
Engineering ; #>¢ April 11, 704. 

A. Crospy ANDERSON, B. S., Professor of Dairy Husbandry; * Sept. 1, 
705; > June 10, 09; ¢ June 15, 710. 

THomAsS C. BLAISDELL, Ph. D., Professor of English Literature and 
Modern Languages; # P © Sept. 1, ’06. 

Georce W. Bisspiy, M. E., Dean of Engineering and Professor of Me- 
chanical Engineering; *>°¢ June 18, ’07. 


8 : FACULTY AND OTHER OFFICERS. 


J. Frep Baker, M. F., Professor of Forestry and Supervisor of Forest 
Reserve Lands; #°¢ Oct. 1, ’07. 
Harry J. Eustace, B. S., M. H., Professor of Horticulture; 2>¢ Aug. 


15, 708. 
Victor T. Witson, M. E., Professor of Drawing and Design; 2» © Sept. 
1, 708. 


Water H. Frencu, M. Pd., Professor of Agricultural Education; 2» ¢ 
Sept. 1, 08. 

Vernon M. SuHoesmirse, B. 8., Professor of Farm Crops; 2¢ Feb. 14, 
209. 

Lizur. Grorce M. Houiey, M. 8., Professor of Military Science and 
Tactics; 22¢ Sept. 1, 709. 

Ernst A. Bessey, Ph. D., Professor of Botany, *>¢ June 15, 710. 

Acnes Hunt, B. 8., Professor of Domestic Science; #>¢ Sept. 1, °10. 

Ricwarp P. Lyman, B. S., M. D. V., Dean of Veterinary Science; Pro- 
fessor of Veterinary Medicine; #»¢ Sept. 28, 710. 

Joun F. Macxurn, Professor of Physical Culture; Director of Athletics; 
abe March 8, ’11. 

Cuacre NEWMAN, Assistant Professor of Drawing; 2 Sept. 1, 97; » © Sept. 
13207. 

KE. Sytvester Kine, Assistant Professor of English; ? Jan. 1, ’00; »° 
Sept. 1, ’02. 

Jesse J. Myers, B. S., Assistant Professor of Zoology; 2” Sept. 1, ’01; 
¢ June 26, ’07. 

Harry 8. Reep, B. 8., Assistant Professor of Chemistry; 2 May 2, ’05; 
eSsSept. 1,00. 

JosepH A. Pouson, B. S., Assistant Professor of Mechanical Engineer- 

: ins Pe Sept: 1, 0G. May i208: 

ANTON 8S. Rosine, B. 8S. in C. E., Assistant Professor of Civil Engineer- 
ing;.2)'¢ Sept. a, 706: 

ArTHUR J. Cuargk, A. B., Assistant Professor of Chemistry; 2 Sept. 
12065 ¢ June LOL 209: 

Wryuir B. Wenoprt, B. C. E., Assistant Professor of Civil Engineering ; 
ab Sept. 1 ,’06; ¢ May 26, 709. 

W. Ltoyp Lopez, B. S., M. A., Assistant Professor of Physics; * Oct. 
17065" * vApril' 28, 709. 

I’. Hopart Sanrorp, B. S., Assistant Professor of Forestry; 2” Dee. 1, 
06:5 ° May “i, 709. 

Cuartes P. Hatiican, B. S., Assistant Professor of Horticulture; 2” 
April 8, 07; ¢ May 7, ’08. 

Orto Rawn, Ph. D., Assistant Professor of Bacteriology; ® Sept. 1, 
207; >< Sept. 1, 708. 

RicHarp DpZrruw, Ph. D., Assistant Professor of Botany; ® » Sept. 
09 ¢ Sept. L710. 

Epwarp J. Kunzn, B. S8., M. E., Assistant Professor of Mechanical Engi- 
neering; 2? ¢ Sept. 1, 710. 

Frank W. CHAMBERLAIN, B. S., D. V. M., Assistant Professor of Veteri- 
nary Science; #°¢ Jan. 1, 711. 


FACULTY AND OTHER OFFICERS. 9 


The names of instructors whose resignations took effect between June 
30 and Sept. 1, 710, do not appear below. 


Tuomas Gunson, Instructor in Horticulture and Superintendent of the 
Grounds; 7» April 1, 91; ¢ Sept. 1, ’05. 

CaRroLine L. Hour, Instructor in Drawing; 2” ¢ Sept. 1, ’98. 

Louise FreyvuHorer, B. 8., Instructor in Music; 2° Sept. 1, ’02. 

Norma L. Gitcurist, A. B., Instructor in English and German; #2? ¢ 
Sept. 1, 705. 

Bett Farranp, B. S., Instructor in Bacteriology; # July 1, °06; »¢ 
July 1, 709. 

L. Zam Norrurvur, B. S., Instructor in Bacteriology; 2>°¢ Sept. 1, ’07. 

Orestes I. Greece, B. S., Instructor in Horticulture; #°¢ Sept. 1, ’07. 

Mrs. Minnin A. W. Henpricx, A. B., Instructor in History and Eco- 
nomics; 2 Sept. 1, ’07; »¢ Sept. 1, ’08. 

Wat.ace B. Liverance, B. S., Instructor in Dairying; 2” ¢ Sept. 1, ’07. 

Witi1amM A. Rozsiyson, A. B., S. T. B., Instructor in English; 2» ¢ Sept. 
fa. 

Rose M. Taytor, A. B., Instructor in Botany; #>¢ Feb. 8, ’08. 

Warp Gitrner, D..V. M., M. S., Instructor in Veterinary Science; 2>°¢ 
July 1, 708. 

HerMANn Hensev, A. B.. Instructor in German and English; #>°¢ Sept. 


1708: 
Heven I. Micuarripes, Instructor in French and English; 2»¢ Sept. 1, 
08. 


IsaBeL Peart SNevcrove, Instructor in Drawing; 2”¢ Sept. 1, 708. 

Grorce A. Brown, B. 8., Instructor in Animal Husbandry; 2¢ Sept. 
1, 08. 

Kate M. Coan, B. 8., Instructor in Domestic Art; 2>¢ Sept. 1, ’08. 

Mrs. Linii1n L. Pepparp, Instructor in Domestic Art and Domestic 
Science; 2>¢ Sept. 1, ’08. 

Witi1am FE. Laycocx, Instructor in Physics; #»¢ Sept. 1, ’08. 

*Warp H. Parker, B. S., Instructor in Chemistry; 2>¢ Sept. 1, ’08. 

ANTIONETTE A. Rosson, Instructor in German and English; 2%¢ Jan. 
eas 

Herperr I. Marsn, B. 8., Instructor in Civil Engineering; #» Jan. 1, 
10973 .¢ Septs,, 210: 

BENJAMIN JB. Rosesoom, Jr., B. S., Instructor in Zoology; #»¢ Jan. 15, 
09. 

A. Warr, Instructor in Blacksmithing; 2»¢ April 1, ’09. 

Maurice F. Jonnson, B. S., Instructor in Mathematics; 2° April 1, 
09. 

Cuas. H. Spurway, B. S., Instructor in Soil Physics; 2» ¢ Sept. 1, ’09. 

Harry lL. Kempster, B. 8., Instructor in Poultry Husbandry; 2” ¢ Sept. 


1209; 

Harry H. Mussetmayn, B. S., Instructor in Farm Mechanics; 2” ¢ Sept. 
ts 709: 

JoHN Bowpitcu, Jr., Instructor in Animal Husbandry; #¢ Sept. 1, 
09. 


Grorce A. Kersautt, B. S., Instructor in Electrical Engineering; *° 
‘ Sept. 1,709. 
*MAx L. Towar, B. S., Instructor in Chemistry; #>¢ Sept. 1, ’09. 


10 FACULTY AND OTHER OFFICERS. 


J. T. Buser, B. S. in C. E., Instructor in Civil Engineering; 2»¢ Sept. 
AU 

Crarence M. Harcrave, A. B., Instructor in Chemistry; 2» ¢ Sept. 1, 709. 

STaNLeEY E. Crown, B. A., Instructor in Mathematics; 2>¢ Sept. 1, ’09. 

JAMES E. Ropertson, B. S., Instructor in Mathematics; 2° Sept. 1, 709. 

Ernest E. BeicHiy, B. 8., Instructor in Mathematics; 2>¢ Sept. 1, ’09. 

LioyD SS Emmons, B. S., A. B., Instructor in Mathematics; 2>¢ Sept. 
i 709: 

Karu E. Horrwan, B. S., Instructor in Mathematics; 2>¢ Sept. L709; 

Hueu A. Snepp, B. §., Instructor i in Mathematics; abe epi? 709. 

*ERNEST ROLuer, B. S., A. M., Instructor in Physics; 2>°¢ Sept. 1.209: 

Frepertck A. Burt, B. S., Instructor in Zoology; 2¢ Sept. 1, ’09. 

Harotp 8S. Oster, B. S., Instructor in Zoology; #°¢ Sept. 1, 709. 

Herman M. Porter, A. B., Instructor in Chemistry; 2° Jan. 1, 710. 

Ricuarp H. Reece, B. S., Instructor in Mathematics;2>¢ Jan. 1, 710. 

Dewey A. Sretey, B. S., Instructor in Meteorology; 2»¢ March 16, 
ALE 

Eucenta I. McDanieu, A. B., Instructor in Entomology; #>¢ April 1, 710. 

Sere. P. J. Cross, Instructor in Military Science and Tactics; 2>¢ May 
i bea I 

Freperi¢k A. GAayLorp, Instructor in Forestry; 2>¢ July 15, 710. 

RutH F. Aten, Ph. D., Instructor in Botany; 2» ¢ Sept. 1, 710. 

Anprew M. OcxkersiaD, B.S. in C. E., Instructor in Civil Engineering ; 
abe Sept. 1, 710. 

Ernest A. Evans, Instructor in Mechanical Engineering; 2>¢ Sept. 1, 
21:0); 

Max D. Farmer, B. S., Instructor in Drawing; 2” ¢ Sept. 1, 710. 

Ernsr G. Fiscuer, Ph. B., Instructor in German; #»¢ Sept. 1, 710. 

FrepertcK M. Pyxn, A. M., Instructor in English; 25 °¢ Sept. 1, 710. 

Grace L. Scort, Instructor in Music; #°¢ Sept. 1, 710. 

Don S. Stevens, A. B., Instructor in Economics and Sociology; 2° 
Sept. 1,710. 

Bertram P. THomas, B. A., Instructor in Drawing; 2»¢ Sept. 1, 710. 

BrrtHa E. THompson, A. B.. Instructor in Botany; 2¢ Sept. 1, 710. 

Grorce H. VoNTuNGELN, A. M., Instructor in English; #»°¢ Sept. 1, 710. 

FLorENce CHAPMAN, Instructor in Physical Culture; 2° Sept. 1, 710. 

GRACE “a Srrvens. A. B., Instructor in Domestic Science; 2° Sept. 

Peaks 

RAYMOND wae Penney, Instructor in English; 2? ¢ Sept. a Bases) U8 

Louis B. Mayng, A. B., Instructor in English; abe-Sept. 1, 710- 

JAMES A. Morse, Instructor in Mechanical Engineering; 2 ¢ Sept. 1, 710. 

ArrHur Smiru, Instructor in Mechanical Engineering; 2” ¢ Sept. 1 210: 

Frep Kitueen, Director of M. A. C. Chorus; 2° Sept. j Wes COS - 

Ornn L. Snow, B. S., Instructor in Physics; abe Sept. 1, 710. 

WILLIAM a Brown, Ph. D., Instructor in Plant Physiology ; abe Nov. 

00; : 

GORGE a ’ Coons, A. M., Instructor in Plant Pathology; #>¢ Jan. 1, 
wd, 

*Jamus E Gitiespip, M. A., Instructor in History; 2¢ Jan. 1, ’11. 

Oscar B. Park, Ph. B., Instructor in Zoology; *>¢ Jan. 1, 711. 

Irvine Gizson, B. §., Instructor in Forestry; *>¢ Jan. 1, ’11. 

*R. L. Nyz, Instructor in Mathematics; 2° Feb. 1, 711. 
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Fitoyp E. Focuz, Instructor in Farm Mechanics; ®>¢ March 8, ’11. 

Cuartes H. McLean, Instructor in History and Economics; #>¢ April 
5 Baer 

WarREN 8S. Ropsins, Instructor in Bacteriology; 2°¢ April 1, 711. 

Grover J. Secorp, Instructor in Chemistry; 25° April 1, 711. 

Burt K. Purp, Instructor in Civil Engineering; 2>¢ April 1, 711. 

JAMES E. SHaw, B.S., Instructor in Civil Engineering; #>¢ April 1, 711. 

Linpa E. Lanpon, Librarian; 2>°¢ Aug. 24, 791. 

EK. C. Baker, Foreman of Foundry; *°¢ Nov. 1, ’97. 

Lory F. Neweu, Engineer; 2>¢ Jan. 1, ’98. 

BENJAMIN A. Faunce, Clerk to President and Editor M. A. C. Record; 
aSept. 1,99, >< April 1-710. 

Rowena Ketcuum, Nurse in charge of College Hospital; 2° ¢ Sept. 1, ’00. 

Epwywn A. Bown, College Architect; 2>¢ Jan. 1, ’02. 

ANDREW P. KrenteL, Foreman of Wood Shop; 2°¢ Sept. 1, 702. 

Eiipa YaKeLry, Registrar; * July 15, 703; >¢ June 1, 708. 

Cuartes W. Brown, B. S., Assistant in Bacteriology; #>¢ Aug. 1, 06. 

WituiaAmM R. Houmes, Foreman of Forge Shop; #”°¢ Sept. 1, 06. 

JAcoB ScHEperRS, Cashier; 2 May 1, ’07; ¢ July 1, ’07. 

LutHer F. Jenison, Bookkeeper; 2%¢ May 1, ’07. 

*Acnes E. Crump, Assistant Librarian; ® Aug. 12, 07; >¢ March 1, ’08. 

Ratpu S. Hupson, B. S., Farm Foreman; ®?¢ Dee. 1, ’07. 

Mavp A. Meecu, Chief Clerk to Secretary, 2» April 1, 08; © Sept. 1, 710. 

JoHN H. Ranp, Purchasing Agent; 2>°¢ Aug. 1, ’08. 

Aubert H. Davis, Foreman of the Horticultural Department; 2° Sept. 
f-208: 

W. F. Raven, Live stock Field Agent; 2¢ April 1, ’09. 

O. K. Wuirs, B. S., Horticultural Field Agent; #>° April 1, ’09. 

EK. C. Crawrorp, Shop Engineer; #>°¢ July 1, ’09. 

KATHERINE M. Cameron, House Director; #>¢ Sept. 1, ’09. 

A. R. Porr, Field Agent Soils and Crops; °8°¢ Sept. 9, ’09. 

*Mrs. C. M. Dupp, Clerk to President; 2»*¢ Jan. 1, 710. 

Louiss E. Watswortu, Clerk to Secretary; #>°¢ Jan. 17, 710. 

Mase. Nrxon, Clerk to President; # March 1, 710; »© March 18, ’11. 

JoHN A. NEAL, Assistant in Machine Shop; 2°°¢ Nov. 14, 710. 


EXPERIMENT STATION WORKERS. 


Frank A. Sprace, M. S., Assistant in Crops, (Plant Breeding); 2>¢ 
Dec. 1; 706. 
Luu M. Sniru, B.S., Assistant in Bacteriology; #»¢ April 1, ’08. 
Cuar.es S. Rorinson, M.S., Research Assistant in Chemistry; 2» ¢ Sept. 
tec OO: 
Myra V Bogus, Bulletin Clerk; #>¢ Jan. 1, 710. 
Orrin B. Winter, B. S., Assistant in Chemistry; 2>¢ Feb. 15, 710. 
W. ALLERTON WeENTWoRTH, B. S., Research Assistant in Bacteriology ; 
abe May 2, 710. 
*Resigned. 
a First appointment. 


b Present. appointment. 
c Present.title. 


AGRICULTURAL EXPERIMENT STATION 


OF THE 


MICHIGAN AGRICULTURAL COLLEGE 


(Under the control of the State Board of Agriculture.) 


STATION COUNCIL. 


JONATHAN L. SNYDER, A. M., Ph. D., 
1by bE IDE President, Hx-officio. 
RoBerT S. SHaAw, B. S. A., 
Director. 
CHARLES E. MARSHALL, Ph. D., 
Scientific and Vice-Director and Bac- 
teriologist. 
HarRy J. EUSTACE, B. S., 
Horticulturist. 
J. FRED BAKER, M. F., Forester. 
ADDISON M. Brown 


4. Crosby ANDERSON, B. S., 
Dairy Husbandman. 
Rurus H. Perrrr, B. S. A., 
Entomologist. 
ANDREW J. PATTEN, B. S., Chemist. 
JOSEPH A. JEFFERY, B. S. A., 
j Soil Physicist. 
Ernst A. BESSEY, Ph. D., Botanist. 
VERNON M. SHOESMITH, B. S., 
Farm Crops Experimenter. 
Secretary. 


ADVISORY AND ASSISTANT STAFF. 


CHARLES P. HALLIGAN, B. S., 
Asst. Horticulturist. 
Otro Rann, Ph. D., 
Asst. Bacteriologist. 
GEORGE A. Brown, B. S., 
Asst. Animal Husbandman. 
GEORGE D. SHAFER, Ph. D., 
Asst. Entomologist. 
WARD GILTNER, D.. V. M. M. S., 
Research Asst. in Bacteriology. 
CHARLES W. Browy, B. S., 
: Research Asst. in Bacteriology. 
W. S. Rossins, B. S., 
Asst. in Bacteriology. | 
Wm. H. Brown, Ph. D., 
Research Asst. in Plant Physiology. 
Gro. H. Coons, A. B., A. M., 
Research Asst. in Plant Pathology. 
Myra V. BoGuEr 


«FRANK A. Sprace, M. §S., 
Asst. in Crops (Plant Breeding.) 
L, ZAE NorTuRvp, B. S., 
Asst. in Bacteriology. 
LuLu M. Smita, B. S., 
Asst. in Bacteriology. 
LinpA E. LAnpon, -¥ - Librarian. 
CHARLES S. Ropinson, M. S., 
Research Asst. in Chemistry. 
W. ALLERTON WENTWORTH, B. S., 
Research Asst. in Bacteriology. 
ORRIN B. WINTER, B. S., 
Asst. in Chemistry. 
Evucenta I. McDANTEt, 
Asst. in Entomology. 
GEO. Bouyoucos, Ph. D., 
Research Asst. in Soil Physics. 


Bulletin Clerk. - 


STANDING COMMITTEE IN CHARGE. 


Hon. WiLtiam H. WALLACE 
Hon. Atrreo J. DoHERTY 


STATE WEATHER SERVICE. 
(Under the control of the State Board of Agriculture.) 
OFFICERS OF THE SERVICE. 


Director - - - C..F. ScHNErpEeR, U. S. Weather Service. 
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ACCOUNTS OF 3 
THE MICHIGAN AGRICULTURAL COLLEGE 


FOR THE YEAR ENDING JUNE 30, 1911. 


SECRETARY’S FINANCIAL REPORT. 


Dr Cr. 
July 1, 1910. To cash on deposit, College Treasurer................. $14,665 15- 
iby; pel lO LOA LO Cash OM, Mal toss) sina ee foe eye als tee arele 6 steers 2,748 87 
June 30, 1911. To special appropriation receipts.............-.....-. 52,825 49 
INTOM: State reaSsukere ec aac $16,000 00 
From United States Treasurer. ats 30,000 00 
From institution and other sources. ‘ 6,825 49 
June 30, 1911. By special appropriation disbursements. ......-.....--.0 see ee cece $54,615 00 
Jane SOs Olle Loycurrent ACCOUnT eECELDUS +). 2-4 4 sia tiaee te erates aie = ee 375,172 12 
From State Treasurer, land grant interest 70,304 15 
From State Treasurer, one-tenth mill tax. 163,410 00 
From U.S. Treasurer, Morrill Fund...... 45,0090 00 
From institution and other sources...... 95,270 10 
From South Haven Experiment Station. . 298 39 
From U. P. Experiment Station......... 889 48 
Byezeneral account GisbiTsSem ents stss mem ese fs. acl spstelteedsiers)s eee ls eres $376,575 82 
Hromacnrrentiaccoulltscsis eee ose loess $353,000 11 
From supplementary accounts.......... 22,798 11 
PH RSO el Old mes yo Cash Ont haniGicy aie chore etd scadevsseca coe pecoeee ter sitcuehe. siete, ans) ake "anual, spdee Gass 3,498 72 
RIEL 0 Sel el eres CASHNOM GCCDOSI be citer aici cic = suteueeelclors evens gets cl cheus yereteuwele (ore'e 10,722 09 


$445,411 63 $445,411 63° 


TABLE NO. 1.—Tabular exhibit of Secretary’s report. 


Balance sheet Transactions July 1, 1910, Balance sheet 
July 1, 1910. to June 30, 1911. | June 30, 1911. 
DT Cr. Dr Cr. ! Dr. Cr. 
(CIC Ti =e eee ee See eS o SD ASA Siihe || cersta edo aiei lS seaseeiece she oa ST749485) |$32498) F2r le eget 
College Treasurer*...... Seeiece Se eaerretes ce $3943 (0Gulee pee eee MOR 2ROOF Re wera ce 
Special appropriations...}.......... $12,072 85| 52,825 49 547-6150 00) iceman ete bse toe 
Current ACCOUNTS Hy. osha silos a-nn soe ke Brot elon oe 2G, ade stills Cle Voce ete fel eke $3,937 47 
Supplementary accounts . cua aratctetevel leroiets fete alee s 1,188 65 DD Gee Ll |teestarcrotecat Ne 10,283 34 
— | | 
ROGAIS Hr -agays re sh onccovmre fo $17,414 02 |$17,414 02/$431,940 67 |$431,940 67 |$14,220 81 |$14,220 81 


*Treasurer’s statement is greater July 1, 1910 by $5,951.23 and June 30, 1911, by $7,548.96; w arrants 
outstanding and an amount of $12.50 not received by treasurer. 


TREASURER’S ACCOUNT. 


i Cr. 
Balance on aul Ei IN Viger eteee ably GIS oe ole Goa escrenet Seas ye tcEmO Ln ae eee ac $20,616 38 
Receipts from State Treasurer and Secretary of College............-.-- 426,420 38 
HN FerestONLGeDOSIES GQUTIVE, VEAL. oie aor ote na oe eimai «alee ining 014 srife wie 814 88 
WiAtrants DAG IuLy 1 LOLO-tonsuMme sO, LOU co ioe. keene ode rien lpi beus alle, «) 0\ eilevchohn eves $429, 580 59 
EAM CETOUN Nand SITE Oe LO oli tracvacte seetelcls ait ei bvfas, «nlc, 2 <0ets ellalel steeveu eile’ sloileiel ale 67 oe 1S, 271805 


PROG bee pies rae eer aea ns Sree te IS Malere ate iat siapat akeiaiche sual may etiaap > $447,851 64 $447,851 64 


06 66¢‘0T$ 


00 O¢ 


STATE BOARD OF AGRICULTURE. 


9¢ 9T1$ 00 S19°FS$ | FE S68 F9$ 
9¢ 91$ 40 S10'T Tg 100'T 
repartee cette : Iv 18h € 00 000° OT 
Paced corn) Mose ae es 0OROE 
Rh pceccae me is Sv 9LE 9 cP OLE 9 
ae eS ; Sy SOT T hie CAO US 
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TABLE NO. 3.—William Smith Sayer, scholarship fund. 
| Year Income Balance 
Fund. | ending Income. expended Amount. including 
June 30. to principal. 


$500.00 received of F. F. Sayer, 
administrator of the. estate of 
William Smith Sayer, to establish 


Scholarship in Bacteriology....... 1910 $32 25 | A. MeVittie. $19 75 $512 50 
1911 BY Sei O) | Sees See i eee ae! Bileay 550 00 
$69 7d £19 7! 
TABLE NO. 4.—Current account, July 1, 1910, to June 30, 1911. 
Dit Cr. 
On account of— To disburse- By 
ments. receipts. 
U.S. Treasurer, 21st annual payment under act of Congress of August 
Das Goo dro Sad CWO. cee! Seo Bice Be Oca Ot Eero ene eae cen | ae Ce $45,000 00 
DlLaterkreasurery one-tenth milletind= 04 tae eee rian eee nails bese ko 163,410 00 
State Treasurer, interest on proceeds of sales of U. S. land grant......].............. 70,304 15 
NA VErbisin@eiyes. Gee. ev bae > Pirae eee hg PETS ICLe > Seek Toa ea $2,638 47 192 95 
ASM CULLULAICCU Gab GMPn me cr ts A tse. me RO TM i 919780 eae ace 
PATLITI. AML S Deut LIV FeO aie Soe ee ar ee eee, ee a ee eet... ee 7,938 33 4,682 92 
ADEM ELLCR eter can er cr NRE | eae eae Rie een er, en a 1,412 25 Ib sa Bis) 7/ 
IBACTELIOLOZICAL A hrnn eee rare Meni tas Roy ee ee oe Pn De es 8.100 96 8,105 52 
IB OnaATICal Perey: oe oer oe ass har are Mia Stents hae 3,429 09 85 61 
Chem Ca lees + penton, ee ae ee eee Ee ee declan cs BE 8,462 89 3,890 61 
Civilfen sineerin ghee ver ec ate res ck Phcbcoo erties wos the 2,510 95 695 00 
(CENT AY > BS Seren aes act Carag ace EERO EEE SEES SARS ee 3,655 42 567 58 
WOHGZEIEXTENSI Oru tee pone eee eee Ae eas ee Re Heh TAB Laka ye a 2), 223) 29 14 38 
COntingentabuildingeee M hee pa. re ines he ted eleratei ae eem ae 26,648 11 34,467 89 
CEO DSE rr eee r apace taiee han Ce ents CERN ee oe aaa L) aa NE A: 840 87 24 52 
DAILVENUISDANG rycen ort ee ae Reese ee oe cal NS es ca 16,863 89 13,809 81 
LDYep nS} Covanteyey Se pens fle ee ee ae aN ie in ae ae 1,749 00 79 72 
JOE IN Es eal cle eee eae ee ee ee Li each gat cee Ries re en han aa 465 74 20 50 
IECHTICHI CEI ae me hae hee ee eee ee et: Sa Nees 2 6,784 34 3,299 40 
EUIT OL SHE Se ete oe Farce RE at Ue Ue. BE say aah BY ey ae Me” 562 71 52 00 
FEE LOIN OL OPV Pa Po oa ea cs Nokes Ue RE ons: A ay 1,224 32 82 60 
HaTEag a DOLSES At. Seer ny oo neake Te ee ais ye RR eh ote es, 6,967 09 4,419 68 
Harp CHAT Coie mn ents pret nD ees, hhcn FPR. ak Wy ee 1,895 77 934 62 
OLE SEE Vetere ee he Te ie ae ee EOE ee ne tan See Me Verse 6,819 94 1,692 54 
ERO CIP T) pene get Ree ee rs Se te SE es nee aie ee BO Ue 28,188 7 1,058 88 
ERT SHOT ye cee eae Rare en ee I ee ee aR ae be ied 399 55 35 00 
FIO TICHILO Taleo pepe ere ee te Een ae See ON ae hy, 7,643 26 845 68 
ET OMERCCOMOMIICS eee iy Maree ORE iain” ne se aye” NNO on lee Fu, 3,095 67 1,376 23 
LUISE fe go Wolo ic Belo So fen CSS eat 5 eee een ae ya isi7) alah 31 44 
WETS COR ATOM ee 2 ce a, city. Ge ERE DE EMS ORME RIE: Ce On ars a ee fn neers ee 184 40 137 00 
IME HATH Ca epeceny ee nie iy ee a tee Or! Ae ek) eg ark 12,036 54 1,825 68 
M. A. C. Record 1,491 03 449 05 
Meteorology 86 54 83 00 
ETT DIA F i: 5 oiekel aid cad tae loee UOC CaO EDO Gel oro GAG oT ROPE ace ean 0s 22 16 00 
Miscellaneous 6,793 50 3,501 45 
Office, secretary’s 1 '9) 52 43 50 
Office, president’s Te Siioe oe 579 83 
EAFiy Si Call meeyee pene eerste en hee et te he Me ee leper ee a Bea ay 3,374 97 787 84 
JEON AA 6 ced Betg 3 i 5 o erike ie aicirietons he og Rion Oke ae Er Ee ee 2,750 48 iLsbistsy 210) 
CSAS UIE Teaser ce teenas niet em RCN Wear tere arene, ceo ee, 5 cis,e Sac ENUF) a be eaetee 
ULATICS Re peta ee ee A ie PE Me ee ee ee aR ahs 2 tee lists ois 157,027 47 1,737 20 
SUE. 5 cocleldod ame Cia heck ME Rshe, de al a a gr ee 826 62 _ 3 62 
CCIAIRCOUTSCS renee te ae eats elete ooo crave neler 3,501 42 1,707 91 
FLCIE DON Ese eee mem reer ee ee eet ameter res voy eR ene. Ss 1,193 88 614 70 
VSI EMAL S Sow Bie Ado te Ces Ce DONS See cae eh pee a eee 1,455 59 31 94 
PSO) EF AVE (eyes Coho “agents Aes Gy Poe. Race OR tee ee a een nae 1,718 7 395 05 
ANGI a < Braille 4 Shae nent aan a ee ie re See nde ee PS aN A $353,777 71 | $373,983 47 
Supplementary accounts: 3: = 
ulletitig <> Cio, Ah 3 cs LIPO dy 16. EONS Re eh CTE RTO ce eae ea Ses AS SS a7 Ole |aecusnaran a vs oe 
HATERS SIN SLD ULC Seen: Sie tn Oe AOE eg i= ap Pia iy hee See Are 8,842 65 Sank Ef 
SOnpapHaventexpe4nrimn ent alsStatlOly mele ee a hee ee 1,976 91 snouts 
lWppermbeninsula experimentaStatiOlecs +. +226... ne ee acemencte. ssn 7,794 79 5 Saeed 
Balance berzinning of period July 1; VIO ls) ke le ee eee lene pene eee Dye 
Balancenberinning Of penod July 1, LOM ite... .c4 neste ee es 3,937 47 |...---+- ek 
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TABLE NO. 5—H#Hzperiment Station accounts for fiscal year ending June 30, 1911. 


On account of— 


Balance, July 1, 1910. 


U.S. Treasurer for fiscal year. 


Fertilizer fees 


Bacteriological department... . 


Botanical department. 
Chemical department . 
Director’s office 


Entomological department... . 


Farm department 


Horticultural department 


Library 
Salaries 
Office, secretary’s 
Soil physicist 
Balance, June 30, 1911 


Dr. 

Total 
disburse- 
ments for 


| each dep’t. 


— 


| Disbursements. 
Adams Hatch. | State 
| 
Hees ee hereon’ brent 
ie Ee. "| a tet A ae el $20 00 | $20 00 
$2,199 48 $558 53 745 46 
2,332 15 237 O08 256 93 
997 52 1,038 59 ie Giveos 
ethic ee 314 29 767 78 
321 86 564 40 66 56 
Bie ORL ee rere 2,034 89 27 69 
ate Doane EN it S2TS 40 henna ee 
OE ee ene 798 57 80 55 
8,851 80 8,238 25 2,278 60 
RG pe tee 5. Bee heist 15 00 
DOT 1G see 2 A nats oe | 199 46 
| 
| 
$15,000 00 | $15,000 00 $6,075 66 


$37 ,338 


Cr. 
By 
receipts. 


ance elsts ps etaehes 


' $37,338 
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TABLE NO. 6.—Positions and salaries as shown by pay roll dated June 30, 1911. 


ne cet ya yn RIE nn SINNED nee ene=nee eee 


Grade. 


Administration and Mis- 
cellaneous 
President’s office: 


IBOOKKECDORN ssi teeeee sie error weno 
(Danese (id <5 aha Cea So cre 
CIGT Cay rea tte poate Geers 


Registrar’s office: 
RELISEDAL teen Sea eee anes 


Institute and Nursery Inspector: 
Superintendent s..2.5---.---.- 


Library: 
Nei DUCATI Ale sees e ce ete Oca os 
ASSES LAD EATI 21s oicias= eoerea 


Miscellaneous: 
INTIS Oi ot cece eee ercbenere mickcrsrine ctahe 


StenOLTapler fi cae cccashon areca 
Instructor Meteorology........... 
ISETIICEORMEISIC =o er eo erens, 


Division of Home Economics 
GRY. moe se oe tee. eis as 2 


Dept. Domestic Art: 
MIGETITCCOI rans, 5 seals eran aheese a ebncr 
NM SELUCLOL ae ae es 


Dept. Domestic Science: 
IPTOLESSOR A, ee eee ee 
MASE CUOL te i dess asccara te Sie ca ales 
MMSEMICtOR MUSICS a1) .<ts ues 
Asst. Instructor Music......... 
Instructor Physical Culture..... 
HIGUBE DITCCTODSs ae ate Cas 


perieton of Engineering 


Dept. of Civil Engineering: 
HET OLCSSOT rehire eee era sae ee nee 
ASSET ErOlessore toon coe ee cae 
ASS ELOLGSSOD ae esa etelake ee 
Instructor 
Instructor 
Instructor 
Instructor 
Instructor 


Dept. of Drawing and design: 
Professor 


Rate 


per year. 


Classification. 


Current. 


Experiment 
station. 


Other sources. 
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TABLE NO. 6.—Continued. 


Grade. 


Dept. of Mechanical Engineering: 
ASST SET OLeSSOR5 Cmte cy ke one 
INGGE EE TOLESSOL = se ante eet 
IBGE URC THOV RS Siete Sie caci me cea cho 5 oO 
MNStLUCTOLS = >: tA scat Bere, 6 Gite 
TASETUCEOT Sse ae eee eet ene ts 
WMISETIICTOL ie esis oer daemon) 
Foreman Wood Shop.......... 
IMermeoarsha No} suaOlA~R > 5 oi Sa so oe 
Foreman Forge Shop.......... 
Shope Pneimeere. eye ert 


Dept. of Physical and Elect. Eng: 
IPROLESSOLS ee eee, ee oe 
ASSP ELOLeSSOLes cas enact ie 
Ji HAOles adele ot cole Goo sae 
THSEEUCTOLS le pe acetate 
IMSERMCLOMe scissile een oat ate 
MSERUCLOL oi sostach te Cone ee 


Division of Science and Letters 


Dept. of Bacteriology: 
ISLOLeSSOLA earls ese ie he ake 
IASSHELOLeESSOR alia eee tei 
Research Asst. in Bacteriology . . 
Research Asst. in Bacteriology. . 
Asst. in Bacteriology..........-- 
Asst. in Bacteriology........--- 
Asst. in Bacteriology.......---- 
Asst. in Bacteriology........... 
Instructor in Bacteriology...... 


Department of Botany: 
: IETOLESROn Nees aoc eke 
AGS ILOLeSS Ole nee) enernetete Sere ole 
INSEE hil. ABOVE HONS B oo odo ule USikot 
INSHis hay BGT EMOB Ye eet oaloleoln WelG © 
MMISHTUCHODE A ete ean cocicee ome t 
iQaAt DYE (Oln es > cewsicns Ae lonin Gnyoraeno 
MISETIUCLOL Se toe inreke clio 


Department of Chemistry: 
PTOLESSOT Se ele ere oe eae 
IASSEe erolessOlee = se eo: + ate 
INGSEMETOLCSSOD- Ll. tains =e mals 
TAS ETIICHOL eee ie fae eee cewenes eee 
[hatsfingSYOOI Oy < Pepe oes 6 c.0c.o. cena 
MISCTMCEOL. ee me ines eho ee. 


Department of English: 
IPTOLESSGIE over crh cone, meats ae el oe 
ASST LOLeSSOL ae een) ee 
SU LIIC HOT recs sratet teens Mie sues) soot 
ISTO CLOT bere avacisur cos Slew ee leile 
ANUS HI CHOI ween ais. tee ce cerels soe ac 
PTUS ILC TO Wiemenare sano sash Heeroma 
ThAYS| rib KO ONE eae Aen Chol iceereoice ants 
PI SPUMCHOL  rercger-bevcset tice ste eeestoere 
IS TEUICTOUSE aie a ec mee seoelh 
INTE) UTE Oh Weer ceo Dae ae careren Fc 
MOAR TMITC COL ane 2 Seca antich oar, thes 
SPEC LOT 2 yaves seats sie Siete toa euewa ts 


Department of Entomology: 
ETOLESS OLE eae oie fe tissetnte totensiee 
GISEMIT CEO Cette ait. tusiese eialernne nee 
Research Asst. in Entomology... 


Department of History: 

MOLOSNOME tis face bats eaten hes 
Associate Professor..........«.. 
MS TILGUOT encrt toi. kent ws weiss wi eee 
ISONIC DO leeeiraahe canto. ces tes otvts 
TTS PIULC LO Leeetemcasts ctie eas ceiers reine ate 


Rate 


per year. 


Classification. 


Current. 


Experiment 
station. 


800 00 
350 00 


Other sources. 
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TABLE NO. 6.—Continued. 
Classification. 
Grade Rate Other sources 
x per year. - ; . =e 
‘ 4xperiment 
Current. station. | 
Department of Military Science: 
SOLER G A eran orc aed Soe ake $500 00 BSOOMOOM es ered crete tel oe se ets acter 
Department of Mathematics: 
PerOlessOnn hee eee ee es 2,300 00 DES) Oin OOM Heyy x ele cs tes coco slr coneays oo WE | Sedan eee 
MATSETULG OL page sche cn Veret eats tolstee kena 800 00 SOOROOS ee ee he ol] te a cee ee ees 
INSETUICLOME cs oe ew Mia ec. che Gres Sue 900 00 SOOO id shee ets used hs pases = Sree cee eee 
SET CTO erysa- tc as aren ae A 900 00 SOOO S| Se ses hte. Fa slsene: acc eeeee Sel eee ee 
MMSEGUCTOLE ess: et 8 fac. eta ere 1,900 00- I OOOR OO! Raut s ek See eet eee ecco | eee eee ie 
NMI SERUCEORC ree ae oe Nee ee eis ee 1,000 00 TP OOOS OOM IM Sai. os Se. Wer itp olla poe 
IMSETICEOR so 0 lc ste ae Seals aa Se 800 00 SOOR OOM | Ber se ze ee che. | ese otra, aes | eee 
MSE GHON tench oes nie iets sacle 900 00 SOOROOR Rae sae ote PEEVEN ra. he et Gy a. 
RSE RUCT ON epee eye crt eke ee 800 00 SOOROON Arcee ees alls cack cere ee eee 
Department of Physical Culture: 
IPTOLESSODS fee co ak ee eke 5 2,400 00 D2 AOOP OOM hare see cesuate c spelllve ahs, sc sictiaes| Mente eee 
Department of Zoology: 
IPFOLCSSOD seta totes eye sw lee es Sms eae 2,000 00 D2 ROOOWOO Rents tise ous cee lle caches tee House. 
IASSG SP ETOLESSONS ste tees oe ers 1,400 00 PAO OMOOE (Stk Sk hes ests Scie etn Corea 
HMStRUCT OTA as ook OSes 800 00 SOOZOOM |b See rte all Otters hanes atau cetera 
MISETUCTOLS See ne een eke costes te 800 00 SOOM OO alias sso oe ces ll to reenact eas Ne eee ena 
WOISELUCTOR See ene toe ees 900 00 SOOBOO TE teeta orcs ee arene coe | Sere neater 
MISEEW CEOT wc ctetn ct Weis ck es 720 00 TIO OO ||P segers seet ak oe eave, eae Cee 
Division of Veterinary Science 
IPTOTESSOD Aer re ttn ee ae eee ore ave 2,500 00 2 SOOMOO! Ise teem nce oe [brose uo see anal eres ae teue tener 
AGSt es ProlessOrsncw.> cele. oer 1,600 00 TE GOON OO» Wi eracscmes ceeeve oe [te creas es el ee eee 
Division of Agriculture 
Girlie Seely as eee IIa iti 3,000 00 2,000 00 SIP OOOTOOR erase ie House. 
(ORRISE sais ee cibenraphs oakeeriereacete 1,000 00 500 00 BOON OOF hci, cares callbee Hee 
Department of Animal Husdandry: 
IMISETUCEOLS ae Socios cee 1,200 00 1,000 00 200 00 
MISERUICEORE oe te oats ie 700 00 700 00 
Department of Dairy Husbandry: 
IPROTESSOD 25512. ea eS es ee 1,900 00 1,700 00 OAV ORL) Meet bn oc ot ote 
TGOTS{ A AUYCEO) Ben psoraeu ka eo ioerucheas keen 1,200 00 Tes PLO) X00) Ain acroOm cio Mie c Sapte tal Br o Static 
\ (CLA et Rann Sear Ser 2 eae eo ee 480 00 AS (VO Oo altrd < eecee eat ecn cu | (ci cmementacoure heen, | aes ee arene 
Department of Poultry: 
AS ETLIC LOL ie ee iets, core ee 1,200 00 DS ZOO ROO erteuanccfeareac~ 2 all te arse) hed VAR ieee 
Department of Farm Crops: 
IPTOLESSOLA sh cbse anes eae 2,200 00 2,000 00 200500) hese Biccpepes chsiliteen neces 
ASSE LOY HATING CLOpSi).)- 2) sie = I SP4010) (010) Ne ooolb dele coon iP OOM OR ete ciay omellbio me 5 940 
Department of Soils: 
EROS pa ace Soomhe oan 7 sge ee 2,300 00 2,100 00 200 00 sles eee oe eee 
MMISHRUCEOR een tae ie ota 1,000 00 T OOO! OO: Iie, < cre metas eels cu ehererotode =|)| enter 
Research Asst. in Soils......... ZOO ROOM ease ac eiees sce: 1 Gest? O10 a O10 Bieavakeetnn ol (So sin Ooo fc 
Department of Farm Mechanics: 
HS TNCLOL eae ey ee tine rer 1,200 00 UA200) 100° | 5 sc See Sle scuyoccencest liter eae 
MSEC HONe ane teers ela earner 750 .00 FAs} OK 01 0 eee er epee ees rece cre [Sate Png econ 
HMSELUG LOL neat NSS chester 720 00 FOO OO™ || encetetaee snore che, cil terccate€. cersday os ere cee eas 
Department of College Extension: 
Field Agent Live Stock........ 1,500 00 1 FOO OO) |e os tiers coe tte eae a Reeenrera eaten 
Field Agent Farm Crops........ 780 00 TALL N OO Reece lio orc cors| pp ava ce oo" 
Field Agent Horticulture....... 1,350 00 DS 5O! OOM |d ohcesexs eortec soils onskees ageh oad ee ect 
Department of Farm & Horses: 
Foreman College Farm......... 800 00 SOONOOM Airs © tere oy, tre ys | ccesesteeee sree House 
Dept. of Agricultural Education: 
IPTOLESSOM iene aie att ueee wel eter owe 2,300 00 De SOL OOm| ese ee terert ea | (ee fake evo | eeomemangeranete 
Department of Forestry: 
ISTOLeSSOley eae rei is hens oleae 2,300 00 2,100 00 ZOO! OO! |eie.2es- 9 |= ee eae 
ASST ETOLCSSOM se ocera oe aus Stats Srey 1,600 00 1-600 OOM. = vetoes celal tes «halk | ee 
VESEEUICEOD totaal ate sok 1,400 00 1 AND 00n| eres a. on 8 os |e den a | 
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eee ae ee —Concluded. 


Classification. 
‘ Rate fai an 
Grade. per year. late ae ; Other sources. 
‘ oxperimen 
Current. Station. 
Department of Horticulture: 

TOLESROL AS iat eee ae ‘...| $2,000 00 $1,800 00 S200) OO, semper House. 
PASS tie ETOLCSROT e. etantpabidis rae avis 1,600 00 1,400 00 20000 ssl isi eerste > ean) (schema aoe 
UIESULITCLOLing ere ever eridretots re ters 1,200 00 WeZOOUOOM | scpatenewctene sane ROOST ete ro tuk ce: 
MIBEMUCTON Fd iain Ad cancel nnerene 1,200 00 ale {of (o[ahy (ee See oero acho llamecmnrn mec House. 
Toreman of Grounds Paola eer otd 600 00 GOON OOS Aer cle te de enatellinnt ete etait House. 

Chemistry Dept. Experiment Sta.: 
(O} 912) 00 Fo) Ae PR A dE en rete ® AEOOO OO Gs: cers auseeie aoiee DEOOOM OOM |e sce ta letevete uate | het sh eee 
Research Asst. in Chemistry. . LE ZOONOOG taotees preme, saris LD - ZOO OOF isha etersce2''e te) 2 seen 
ARSE MMCHeMIStl Yonsei eden ne S00T00) aria seated ois DOOTOO ESS vctevecn totes a ckeanenemaenete 
Bullerin-Clerlcaen ucts wanes ae ASO MOOS izecce eres: sie tree ASO JOO) bce tevlecy| | ie eee 
WOU = roc tig ie ate otitis ae $189,320 00 |$166,975 00 | $21,345 00 | $1,000 C0)... 2s 
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TABLE NO. 7.—Income of the Michigan Agricultural College from all outside 


Irom State Legislature. 


ie 


Year. 


Yor current 
expenses. 


MOU Ale crentex. sso es 
TUG td ee 
1902..| 100,000 00 
1903 100/000 00 
1904 100;000 00 
1905 100/000 00 
1906 157/810 00 
1907 173/410 00 
1908 173,410 00 
1909 173,410 00 
1910 173.410 00 
1911 173,410 00 


Totals .|$1,786,943 60 


For special 
purposes. 


30,752 
*20,973 
*27 ,172 

22,947 

22,947 

18,862 


18,862 
19,000 
16,000 
17,700 
[17,500 
18,750 
72,500 
72,500 
#1, 000 
**FT O00 
**1 000 
*81 ,000 
*15,000 
**1 000 
**1 000 
**1 000 
**1 000 
**1, 000 


$827,937 74 


*Including appropriation for weather service. 
October 1, 1886, to June 30, 1887, nine months. 
Including $5,000 for institutes and $1,000 for weather service. 
Including $5,500 for institutes and $1,000 for weather service. 

\\Incuding $5,500 for institutes and $1,000 for weather service 
Including $2,750 for institutes and $500 for weather service. 


+tTo June 30. 


** Weather service. 


sources from the date of its foundation to the present time. 


From U.S. Congress. 


Lh tk Ae 70 


: Hatch act ; 4 
Land sales, a aeg ok of 1887, and peta hee Total. 
salt spring | Sorest from | Adamsact | Sunnie’ 
and swamp teat rat of 1906, erred 
land grants. and trespass. een endowment . 
hilo Lalm PAO) {OOM G Ard cern. war ck oll leaqeMeP eric DIOke i Iso mole okIanm $56,320 00 
Pee td COOL | lOc PERTAIN Gene 40,000 00 
PECAN ee Arie terete shee NEE Boss 37,500 00 
MON OG | wearer yeni Me ee rr lO i oie 6,652 25 
SM Sei 7i leat d fob ace anienv ars leis s eurhonietenss cs |[teiuretueuctriec: ais 10,218 97 
AOTESO la eee et OG Beccles om cial ss 9,407 80 
GPA KO) Nee ect eat ibs IC HeACRD || Cate HLSICNEEE ERC CH RCL DMG OMPREnS JOR 9,726 09 
IMETE GTO te MeN OMrrrdtones trates atc ysscyoll bon rece athena lows 16,156 61 
ee GAPE OMIT seestetaviocc ateceuel ©)||ieench sc rersk elses [termretelaccpateae eva 16,094 27 
PETROS th ee Pa ould ins a Wh As ce ohne eh 27.608 38 
BO GAO Wace cate tits ices teh taterenetraoillore sisra entawed 20,592 49 
17,559 00 BD SAOG hs antote mistaseus liberates. ante anck 67,617 96 
1,320 02 Nile OG |orieen somtanenedatt llareie tkehaPa re teva 24,040 95 
4,135 72 SH SLO cer cikcdeinersse lickoterate: natetehane 36,671 26 
217 05 aL LD LOO) Foret ays ieten curl shee) | OiSaniey «ti esereesis 28,642 70 
10 13 TARO GOOG |awva ateueiasteciies co ece aecerdens 48 ,467 19 
150 138 WA OGL GR | tssn, Cosieuent tafe lbemeneupr alana ven tte 42,814 11 
144 53 AMAA G OLA § con cciletateray stall snaneteretevare orart 29,984 17 
1,773 09 EMO D Ld) llsiactcaeeunicer ae uel | [hex eves 4 tel el eNe 32,996 76 
979 06 TNS Loe eG |(sitirc. mn endo oher ae wll Lets one ehauavta ore 52,988 72 
826 60 WSS SOMMOD| eet baies xcteatiny lave eneses svete als 28,470 49 
412 22 UG ese llotsreewiiitie: san acalll gal evn aqat tious 38,730 56 
797 55 WOES ls ceo Clo cinoma Ugo oo 30,674 91 
461 95 SOMOS Orc bil Grete. che akuloronelllredasvel sravedocsiere 72,366 70 
358 46 SAA Pen iaeiee citar sites) lia wera te ocghtve 'enere 39,060 41 
391 95 SO AO OO ara terictabevens sisi llekevia eseveretera’s 63,319 55 
1,259 90 OO Orta ltchereatsionah che x ail(avato'vi arcte aiewore 48,080 62 
187 50 AO 7, OU | eckareretaie en's’ nill’shaiaieteys fe) el npane 65,060 90 
Saree flo beks USAC Ls OM errata tiirath > [herd oomelole sueiahd 53,078 04 
TOSCO HAG Sillttenclsuenstes, «it cils eaigiet eta stares 68,849 57 
144 20 SZ 406 OOlb Slo OOOH OOS via iieale ste 78,303 30 
10 50 BlsoeenOol Te eOOOMOO!s cite ciegette ts, 67,306 19 
238 50 32,360 64| 15,000 00) $15,000 00 89,771 14 
37 38 84,750 54) 15,000 00) 16,000 00 88,735 42 
137 38) [34,948 12 15,000 00} 17,000 00 90,033 00 
10 50 37,927 04) 15,000 00} 18,000 00 89,800 04 
433 59 44,527 26} 15,000 00} 19,000 00 97,823 35 
10 50 45,301 85) 15,000 00} 20,000 OO 99,312 35 
Sate is soiree 43,886 40} 15,000 00} 21,000 00 95,886 40 
Fest Mc EA pean 43,779 54 15,000 00} 22,000 00 98,479 54 
Pisite fal walls nawhatle 47,508 28} 15,000 00} 23,000 00} 103,008 28 
705 00 52,526 11 15,000 00} 24,000 00} 100,981 11 
175 00 72,298 38] ° 15,000 00} 25,000 00| 184,973 38 
Saiki aetiek 63,976 79} 15,000 00} 25,000 00) 176,476 79 
FD hoe UCuC 64,081 8&1 15,000 00) 25,000 00} 205,081 81 
Me aistule dais. 65,573 90} 15,000 00} 25,000 00} 206,573 90 
61 19 67,312 37 15,000 00} 25,000 00} 208,373 50 
Diedb ie haahiote Barve 72,035 32 15,000 00} 25,000 00) 298,035 32 
Ro eu OeDe fc 70,286 56) 15,000 00| 25,000 00) 283,096 56 
Ayes larace rete 70,155 22) 23,691 60) 25,000 00) 293,256 82 
Wewel cikenert hats 70,385 79| 23,326 10| 30,000 00} 298,121 89 
ROMO TEM NC 69,527 13) 26,000 00) 35,000 00) 304,937 1é 
areMeb ahs hebatehan coe 71,109 49} 28,000 00} 40,000 00} 313,519 49 
ser Mee inte 70,304 15} 30,000 00} 45,000 00) 319,714 15 
$101,723 0081081 170 | 's545,000 00|ss.808,709 35 
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College farm and park, 671 acres 
Athletic field and drive, 13 acres ; 
Buildings— 


STATE BOARD OF AGRICULTURE. 


SUMMARY OF INVENTORY, JUNE 30, 1910. 


Library and museum, built 1881 
Collezeshall:e bDIUEASS Gee Aho eee 
Welisshall-srebuilted 905-06s seer seer een eee 
Walliams: -nallssbailt in lS 69m spe en ee ee 
Abbot hall, built 1888, addition in 1896. ........... 
Chemical laboratory, built 1871, south end addition 

FIRS SiMe rere ke Nahe ea C5. rh) ca ote ey oe eR Re en Re 
Machine shops and foundry, 1885, south end addi- 

GT OTM HES Si lhagee seer Noy foes. eks hen ARTE A SISSIES e 
WMeTerinary aboravory. DU tel SS sen ae eeeee ei. 
Horticultural laboratory, built 1888............... 
Agricultural laboratory, built 1889, imp. 1897 
Botanic eAaAvOnaLonyn sDUllte S92 Serer cess Seles 
ATMOLY js DULG SSD. aioe: aioe ey oth Bycuabraneh een ece MEN Ses ye au 
Greenhouse and stable, built 1873, 1879, rebuilt 

USO amide 9.025 ficvcccre eaves wate Seen ayales ica Rae estore ca ores 
Boiler house and chimney, built 1893-4............ 
President’s and two frame dwellings, built 1874... 
Six brick dwellings, built 1857, 1879 and 1884 
Onestrame: house. builtlSS85aeen voces 
Howard Terrace dwelling, built 1888 
Farm house dwelling, built 1869 
Herasman-sadwellime sp uilliGsdS Gee cme mon aes heres 
Six DArTseal sproressorsa: MOUSES ane oumicieiacine ccieree 
Horticultural barn and shed, built 1868, 1875 and 

UCI AT ie © ss Nok SN 8 Arlen a RE MOR EN SRE Coy CU Doe EN 
Bullbarns rebuilt, W905 seis toe ine ake cteistetsien caters oh 
Sheep barn, rebuilt 1906 
laKoyrster lone ame lowe aloe saci an bodes cagecdd codecs 
Grade herd barn, rebuilt 1905 
Riccerye- rebuilt: VOOM steer aoe acs ws eee tien ees ce 
Dairy, Marn;srebwilits9 0 Oates hei washes ele eres 
Farm mechanics building, built 1881 
OMtr ye NOUSE ye UNG tO. 0 Gewese ieee nen eee ie 
Incubator house, built 1906 
POULEY HOUSE DUE te OOM eis ncn eset ate oecretetees olen eke 
Three poultry houses, built 1907 
Ten brooder houses, built 1908 
Cormeharns DUilte Ui eeeites cere. eke var ccs chee ee ic orclebons 
Stock judging barn, built 1894 
Brick work shop, built 1857 
MPSerVALOTY. “PULA SS Ome see es hose oes ees ee iors 
Bath Nousesand fttines. pull 1902-30. va. pees ae 
Paint shop TeDuilt, 90 Ste yt. cee iets olen cates ot eeuagetenee 
ELOSpItal, “bud lt 18942 ee ccaka se oye re iusto chrom ree team 
Postoffice and waiting room, built 1902 
Lumber shed, mechanical department 
RP OS SILOS oe ve ok ais, ean tage picueeh a etek Rast obec. 6 hey se eee eReonen 
Coalsshed; built 1899e2%on. 8a as we oe eee ee 
Women’s buildines built 1900s tes acct reine 
Dainyebuildines sult; 1900.6... sence ae oie 
Bacteriological building, built 1902 
Power house, built 1904 


Amount carried forward 


$22,000 
17,000 
55,000 
30,000 


15,000 0 


18,000 


15,000 
5,000 
7,000 
7,500 

10,000 
6,000 


6,000 
3,000 
12,000 
18,000 
3,500 
13,000 
2,000 
400 
1,050 


1,200 
1,500 
2,500 
5,000 
4,000 
1,500 
4,000 


1,500 ¢ 


1,000 
500 
1,500 
300 
250 
400 
200 
500 
100 
17,000 
150 
5,000 
1,700 
250 
600 
700 
91,000 
15,000 
27,000 
25,000 


$473,800 


$67,100 00 
1,300 00 


$68,400 00 


AGRICULTURAL COLLEGE ACCOUNTS. 


Amount prought forward: 626. .ci. 0.2% lose cen $473,800 00 
Buildings—Continued. 

GoOaTISHed SIDI tet O0 bec cry stinuecauneeee kre oa 6,500 00 

dnmnele sy Stem aM Ut 19 0 4F ees eo aces toc oe avers one ole enk 45,000 00 

Coldestorace-srepuilt 905s ce ein oee ck oe we ase ae 2,000 00 

Engineering building, built 1906-07, including heat- 

WANES * SSR AOS CRG eat EE Re Eee / 110,000 00 
Iron bridge over Cedar river, built 1888........... 1,500 00 
Bride@eevouathl eticetiel dices... acti teccs ao otic sans) tole he 500 00 
Ma nuinesShed gmp ccor ren mitra. ney lear ereeahe os tors seal 600 00 
Houm hospitalecottases. (built, 1909. 26 waa. ee ota 6,000 00 
Aer UIIhimeaN! onus hhaes; Loebihe COE S ancy so 6 vowed 6 — 182.000 00 
Addition to Botanical laboratory, built 1909....... 12,000 00 


Heat, Light and Water Department— 


Instruments and furniture............. ack SRE — $207 50 
Sean wean gO laM tie ote nies © cohen, stores oat irises 15,890 00 
Bache hOuUsea plants s oporwse cr tether eine Sitio ate 698 00 
Niaterenworkse planin, oss) .see oe 2 Pea a eee ee 10,161 70 
ina Dat bai eMtstiact sari atthe oy ain Tiere Meteors, 2,789 00 
MOOLS reuse E NITES sac ce at aes ayien Sec eae Siahencyerd:tektane 862 24 
MiScelianeouseSlO Ck ee teae Pees nara Potoeee nice 4663 98 
Mlectricicht department, StoGK 4.625 54.55 a005: 1.816 21 
helephonemdepartmenite,.picvekens cet es olee asin Oko oni. Spon 7a 
TPA Naat Oabawea 44 COX Le ai ae Ree Beetroot a eee a DAS! 5 

Agricultural Division— 

Department of Agricultural Education.............. 
Department of Animal Husbandry— 

@AiCeblab rary eee ee te ae Vt See Sree ee $854 15 
OTT COS RS aN ee ETS hee Lens eau oreo ake 128 10 
erie ee ShO CK sim caterer Be ay ciety act Ny Seakcu teen ate erat eke ahs 8,393 00 
Heedwand smiscellancoushs saa. ee oe oe eimicie erties ce 774 40 

Denarinrente Oe Hani ORGS eecieie ek eee 

Department of Farm and Horses— 
PV OLS CS payer ene eee et ots uae ie Seas Meecha a Re aE $7,950 00 
ELORS CPA TTIRE Peentcr ces sreytiphcnc itis barca We alerts hee cet Ss 1,310 89 
CORTE ID eee eee eee ere ee ee ee cabs 105 00 
ANOYOAL SA OFA PLOTS We Rot AW Nae Ne AR he ae Re cee © Wee ae 1,708 88 
OT COMP re ar tee ren eee ey Ay et eek tenes MO Fe yw a ation i die 334 20 


Department of Farm Mechanics— 


MACINN CRY ANG COOIS ners. ere. sie), ales vcd et had ies ok $1,813 01 
VENICE orb ets} See ecto ay a al el A Ue Creare ert 4 0s 
Cements MACHIMIEIy Aes eee eee coc cycle roan re ee 48 85 
VOOM EESINO ee perce reais ht oe tiet coed oud cal ee we nck 623 73 
Backs miithesh Opes moe csel. ae ao we a Aas wid oraete 1,081 62 
Of CCR se eet eT ra A I ot Nt wien Pah Ns 165 69 
Department of Forestry— 
INTIUSERYp BSCOCK eae ota Lh tees on eae mein hs Rita ee eed A $8,517 30 
HOLES OROCUMCES: ene Ao tera oar a ike obese te 144 80 
OicemsUpplicsmhe Lets pee ee ee PSUR Bar at ene 48 63 
Rhoroesraphicematerialse: «aco. . acocee was Aeon 563 37 
OMCe shuUrmitUmenn seen. yy neh auc eae eA de Sa a 446 85 
IN(UIES CLV cm IECTIS ISH. coy eit n 8 a cL ea ds tees eee holes bekeis 203 31 
OfiCemequip niet + nokia Mee Cece ate nos Rehan 65 00 
PAboratoryaSup ples soe ds oes Sho kios ube Eade eth 134 67 
GamMpPeeumipmMents, ace ks foe wale oe Aen nee 261 00 
IB {TON LASt een lA Garett AMR CACC et coh ee See RPE 609 20 
TDD Jalil OvhWSis ioe eel eis ee op ceo ae RRO Lee eR On cements? 1,006 08 


25 


$68,400 00 


839,900 


10,149 
313 


11,4038 


3,907 


00 


91 


65 


65 


oF 


68 


12,000 16 


$988,267 34 
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Amount brought forward 


STATE BOARD OF AGRICULTURE. 


Department of Dairy Husbandry— 


Office 


Bice = (61/0) (w\ 16 Leelee), oe) aLeLe aX al s/s) wa) #6) lass) «| ess «) a) 6) 0) * lle) 0) 6, ese 


Gl VERSLOC KM I DraRys ra rratinoe ae clon ass eee on tee 
DAT VALIVe eSUOCKS Mac cre eke eee eet hie iene 


Feed .. 


IMISCEMANCOUS Hee oe KcO eer. oR iy hein 


Dairy 


mie Otello! Glee 0.16) ,0 ie Shenn %, 0) Ore) oye) AF BAS eN sles meiablew aia. se) a, ia Yelle ce 6 “s,s 


DAiryenOM Cen. etait hae Lee eer ee oe 


Office of Dean of Agriculture— 


Office -... 


SLaKOLO 6. oleae) .O)'6 140 Cf Oigie(e.iu (e, Olelss we “eis ae wwitelelisiu; ueice fale) (8, io 


Department of Horticulture— 
FUCA Wi VLOO]Seepipecte as amie eo Socks ere alent ia cree eae 
PREAmMS MANU SNATMESS es. Aone, Riociais Gls cece deat oper aa 
MiScellancColuStae ewok cic oe ieee Se yin ks 


Tools 
Office 


SAC’ (Ul isy(a_ eels, 'e 1046 \o (@) 0 le) jo. 181 624) \0 0) 018 \s. 0/0’ 0,0 ee. 6,'s, (ee, aba ects a (ee 


(CUASSTO OTe it cicy se Hasna CUR nee IST oe ae che cares his 
WaAhoOravonryeseguUipMeNt <4... eles © cee eter ae 
(GMeEENHOUSER, DAMES isc tere tas pets aetyes oeic Bata eeegaue hove 
GreGnihOuUsem uOOISs)..6/irciedecs ae ceiclte, sinhepeateeeom eotaers OF 


POO wee 


EG wlitiyaO CDALtIUCING 2.0 <-siarecs 2 10 lene auetexeuny cs dohens bate, aloes ecohs 
Department of Soils— 


General 


Pnovosrapnic zSuUpDleS. careers oeoicieiee ene 
Chemical ste GA e tia sates esc ere SE eee hee oer nes 
CU Ik Se eee te a8 Ma ot iy, St a eek eee 


SHOR CR COUTSCS ss these erie ero tasyeteie lous cele ode Ee lntubepeteeedel hook oe 

Department of Veterinary Science— 
General soperacin “es InStrimmMentS. o. - aemnscielcce es oe 
OffiicesfurnitunerandStixbunresomy cece nines chore 
Harnesseeniiipmlentsr nck vad ane ecie omc a ee or 
WAH OLA OT ACOULPNVEME scares iens erections ie cratene ete eee eae 
USS TAN GMCHEMICAIS. (2. cre socee ctensnaacee encerep aus etceevopa te 
ClASSTOOMM BAD PALAuU Sees re ropes aie ue chanel Cainer Ieeeeeone 
IDEpPATEM ENG SDOOKS aie ets arevcuetstalers eather V-eetiene et ay cncle mente te 


Division of Engineering— 
Department of Civil Engineering— 


Transits 


Levels 


Sextants 


@he le) ojelelela(e%e a wifes ce) e)8, 06 (el ees) eee en) e) ese 6 ale ee) eee iets 


Re yees «0 Se) a ele © e:a, elec (sep fe. w\el.ee Ke} 6m iele ate le, a (nla taie © 


ADIN PASSOS odes arcane o sacrelste tin choclate ch tone tte neeretene 
TRING LOVCLS eee fapece, sicccye ete Maes tea cic terel eR er on ee oar 
IPOCKELs COMPABSES 5 Oo irc aie Sere eee wee ae 
ConiputinoinsiLMMeENts: 2s carcino cero ies 
PINTO COLMLCTS, Sos ots ye Macele teers tise neve eee aaron ences 
Barometers, and: thermometer 2)... ...-4... cee meee 
AULT OME IMOCLOTS © coyeis Acre case hn cuereliae Sape eos becbasckemereie eaters 
IPTATVGMUS DLO! a.7ii-.. « corccio sn ieictot at she teen kero eens 
OV cline arOods ANG <NOlES: ic asieie cecuevorce eich suet name ae 
SPEEA MUEUIDOR Batis o's ise ie alg overa to shale Mons lvcte sake r ates sede kena 


Chains 


Sindee is mie id ea 6) 6\0e. © © a 6 exe) 6 a 0.0.6.6 on 08) Bra aie iu ele os) avon 


NVI HSUIECMMIESUT OR ate Gycoe cretale-s ole -areuean rece e atera nthe ershoseneteneiae 
LG LTLESYAMM CED SR eeu cle isi saue cele veos e's: aYalle. chavs Pa Rtsicas royene Clete rene 


AMOUTIECARIIG GM LON WAL oc0. cs eucrci we crs tows «eke we cues 


$10,537 


ailgy ella rat tases Tots ojeiele Tek he rorear yet eileele ero oe ean ae $988,267 34 


10,056 35 


2,159 69 


6,511 03 
2,309 55 


2,076 20 


38 $1,015,701 10 
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Amounte DrOuULS hE TOL WATO. tcsc foes dace oe cee $10,537 


Division of Engineering—Continued. 


Miscellaneous surveying instruments.............. 252 
Drawing instruments and materials............... 436 
Booksseandepampnieis 4 -c te eas oe tee ed: 284 
BOIG ros. waa 55 ae So vate Mahan tae: asi. cara FaPavaca ayt'ovavel os ahh Sie 6 59 
Miscellancous apparatuse so sce eons keene eee 494 
MNTAVIEITE ss AM Gy TERCTINCS > pelo. oa cid Sate cies ce awe ors Die ences 8,401 
EV araWHe lA bOLALOLY a ae acre eo ese ee ah oan 1,529 
SE HUST AL SOUEEOR Ni cree Oe Selene (ear cine one So oS eed 1,619 
AStrONOG Mica erlaAvOTALOLY te oe os ee le lee as 414 
Department of Drawing and Design.................. 
Department of Physical and Electrical Engineering— 
Motors ands SCHCratOlrsin. ae aca oo oo ae oe $5,888 
WVALETMCT OES wetter ietn cies Broce orera cia hie eee 528 
IWOILTR LET Set rer cre See Oe ee ee ees 678 
FRTRINCLELS ae eae S croth ae. oe Pas SAS ae Pee Mee oe: 602 
StaniinssuOxes = 5... pacitaracsiia cl credo ees aE ee 113 
TAD STO LIMICT See Se oe Pane rae ieee ie Sad oe ad ua srs fbn 1,118 
UMC OS HAL Siar ere eee eer ree Oe en Oe I ee ee ts 162 
MS PeN AME OMS arco ia, gear an ere altace clay oot how nies alee iAyA: 
HOD mal SLOG Kosar rb ks fc Ace cbeleele ete ides che ole 551 
ATIVE UEC ete ieee ce oho. hedete CARSsas ee it ess OSG Lote hs 2,838 
MECHANICS irene ke elite Sle ee ae ets ee 1,336 
HACCETICILYMANG® MALTICLISUE ma. ae oe Snes oe eens 4,330 
Ae ee eee ay aye chor Pe hol ose Moot OE MAD DAS Sees 1,481 
SOD HOVE | sate rcs, ote eee OOS CLERC RE SERIO ae 170 
EVGA Laie e oe esi oar o taheroton shale like A ast eaolea see hee 427 
Department of Mechanical Engineering— 
Ofice-supples and: equipment: 6.72 see aae ani. s oures $8,725 
PxMerimental: WabOratopyens- eae elses selec Race ois 12,535 
MACHINE SH ODS ster ree eae eect Ee Eisen eye rk eta ETS 9,465 
IEW G {000Gb CA lg ct Mi ae SRR RUS oe RCO DCRR le ee 1,653 
HOTS ea SHOD base ee art ete tele eae kel distor eisai 1,859 
Woodworking machinery and tools................ 3,013 
Division of Home Economics— 
RecepuOnEToOOm= And alles. aes ers clos be fees $672 
CATS Olli Ce terra ae Senet y Ase re oe chewaiccs Sebel s7s73 eaves 197 
IDA TIO CHGS eal OOM aes ate ieee i Om aioe ai tae akan 218 
IEE Alo Paetis Ge pack cine meee oe eee SIRE IC CORE ee na 638 
CIES ee OO Te fone eee oe ten aes peti roe ee sa als 62 
Derren Gibeoblnbhten ee wee nee eee ee 15725 
WIScellAne OU sterner ere erate oer aie wa eles 129 
CELA PLODEN LOOMIS ian yea ee ee ole eee eye sect arsed 2: 
SEOLCLOG ING NOt Mog citeerine oer eee ciety GE ocs Tasha wos 25 
AN Ke CLOSE Leen ec peoey soa eR eee eA ale Coes sic oi at or acm onan oho 27 
WESC ae LOOMS pe cor ray tee Sener ric Inic irs Hiaeie, Ghe ave aver b&b 2,461 
EIR UIS Causa Tals y eres eae, ner eects eiae ales erenceiate 99 
CR LTREE ETSI ITT Poets, Pe oper | Aiea nes ee 366 
CVATIIAS 101 OLN CO err sear o ece tarersl ctehs co coe abba elbie ord tte 146 
SUOW SEA ALN ErOOM Spry sacred Feist cates ole, aacavdisnye.@ sitveers ts 187 
DOMESTICESCICNCO a mae eens cy ine, et, Pu nitentn. Wee 889 
WD OMICSLIC arch Caterers etait teyercie/s) nos cons pisreitae ees ev Ow, ons 961 
TL OWAT CU sCOLEAGCE res cu nie er sioavee ot eee ee tres a bia ay ean 422 


ductile tsi o exe) laPais o (ete) 2) 0. e)01 0a 60s) 91: 0) 01 8, 0) sa 0). ve P te 


58 


70 
84 
60 
22 
44 
38 
65 
55 
45 


27 


$1,015,701 10 


19,030 21 
5,304 76 


21,350 43 


37,753 12 


9,233 53 


$1,108,373 15 
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Amount DroushGilonwanrd. xe-3c< oc coen se een eee eee 
Division of Science and Letters— 

Department of Bacteriology— 
LEAT C SNAG e Meare RCL ot Ft 2 Oe ee ty eens 8 yey aay $76 78 
Collezemchemicalsre enc css = Saccece meee oreo Enee 983 37 
ColleseWaADDAaATatusiis sie con hci ic oe eae oes 7,918 36 
Hixtunesvan dsomeeusupplies: + s25 ose ee oe eee 834 02 

Department of Botany— 
Gandenmto OlSigepsercnaielcior avec sie tstentckooe teres aceon cies $64 80 
EVE DANIUIM by ee eit cto ice corrects seareie tl ea eee 11,391 80 
AVIS CURTIN neste eter an eh fo ee as nok A erate eee 830 00 
BOOKS eee eee err TNCs ito de oe OEE 750 95 
EnOtOs#and senetayin Ss ey reels ace tae 125053 
ANTCr NASI GES Me ee cA Ke Coss. Re eee we eee Lem 264 24 
Microscopesmand Maccessories). 20.0). fon oe nae oe oe 1,598 00 
GHASS Wie tate ee esr oe eee SMI sas eI oe eRe oe 605 61 
ChemiIGA SaStains srepasentStievG@ se: iy sicrkesvacl eee eee 63 45 
Office; and classroom) equipments.) 4.064 o oe 939 30 
General ecqwipmemt, ann SP etic wh scenes) Suaseee ene 195 95 

Department of Chemistry— 
WASCSMANGEAXCUTESH-- tick. es Sette tacs woah ces $2,917 35 
(Gmadiratedeelasswarewcns Anche ene sta nes A cio bemn cect 1,344 78 
Uneoradwuatedselasswarer ot. .atila eee. pee acne 5,221 67 
WreaniGmchemicalsem ox Sa ome settee een nes ie eae 465 00 
IMOr-aniCaecCheMicals serosa atom cee een ee eee 896 81 
I LEGtri Galena P DAT AUIS 5.0 tetera Sus) cvehireeia aap iets ere poe = 974 73 
SDECIAl AD DAV AUIS oe: cots eich statysis cue eie hh auereeoneiene 3,195 35 
Gasman alysissapparvatusn ipa coss cio ches ate ioiieisie erences 165 00 
Matinee ore elt nae: aaiccsee ie PIS «OER Oe 2,044 42 
IN RSH ROLD IA See cod tae ce seek nce eR OR aC an cater eta cata SimON saat 21) 25 
IBAlAN COST pe th cre ee a a eiteae Bi bole eeetin es Seer 1,797 00 
BV VETS TUS separ cee Ns he aces cranes ci eenaldaratcitav a or Shayla Sheen ei suenmeremene ae 7197 70 
INE, ER ee a ARO cot tr ey me RES HORE eT es Lge Pea re RE eer eR 45 74 
JEW 0) CSI) a neeor b cto cle OOO Op pes cindo mo aoe oor ial 745, 
Specimens and mineralogical supplies............. 586 72 
IROL CELI i Bice Nere te iaeca stn ele oleracea cee teehee 871 05 
TRIER ORR GG A he SE RES Weia aeam aloe mits are eltonatheern ccc 1300 39 
FOOLS rt ee eo ere eta eens le ca eae aM eevee RbeIencen bare netnpenean 64 90 
NVIOOCMENIW ATO Wiens tos acc reieieah toimca caeonene rarer ensye 309 20 
INSSOYV eT OOM SUD DIES \.\oisg tic cssieks othe cic eyleueemensheie te or e¥s 214 54 
NESCCILANCOMSHBAG rk Oecalcce is pe ests Mia Ree chon seleeeie tee 375 29 

Department fof sANSIShi-. 4.0 jacks soe ere oiche lee sae tei ree 
Department of Entomology— 
Mirniguresand. collections... 2c eee $4,071 47 
PAM TOEUE UCLA Meth c.co 8 a ote Lieoeee cua leeloretenehaet no aan aa tee 691 42 
PE OOKS Berar eke 5005s oe iSle. oie oe Lud ARR te eNO ea ae ona ents 141 79 
Supplies'= --. 2... - Catile ches ee One cn ieee 299 23 

Deni LuUstOnysanameCONOMICS! «2.5 «eae eee oe orients oe 

Department of Mathematics— 
Oyates ne bicah ih iit: ee et Sea ne amin otcts oy ae $196 95 
BYOOUGT hen o.cho, eae nie CACO Mirah orincs SOGe 44 58 

Department of Military Science and Tactics— 
VET AT Var CUIL DINMONT. ic. 5 once icss o Shotenes ese suere-sveceucioncheumnetereners $898 50 
Andee LODeOrtiesy. ccc ics stctautomtcie hee oe one maoe eI eer (7 Td 


Amount carried forward 


$1,108,373 


9,812 


e 
17,829 


23,817 
725 


5,203 
484 


241 


1,674 


$1,168,162 


15 


53 


63 


18 
44 


91 
40 


53 


25 
02 
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AOL MGM OLOMS MeL OW ial diatat st: scp s nraycha coe ach c -chtvs alsversie atc o-e nie eters $1,168,162 02 
Department of Physical Culture and Athletics— 
AT INOGYen AN SyININASIUN + ys ke cies susie tesleree eres eau $453 00 
AU HOU SC cert tee. oe CRAPS est oe ee ek Acie fate eu als Fore 40 40 
Oi O op AGRE SRG Gerda es oes Me I eee 201 00 
TDIYEG|) 2 ek fe hap ini Mit ectnig ia Suc Reene ee ae gee eae 133 10 
827 50 
Department of Zoology and Physiology— 
CGENeralsMMUSCU Mints wetter ete een ete eels scons oles $18,868 00 
MUnIMCURes ander dp PALALUS elles crea ce oe one sve sree 1,836 09 
DISSECLIN SINS ERUMEMES). 15 siees croreiecscae eke cloe, lane eueee 50 00 
Drawing instruments and materials.............. 10 90 
GeolosiGale wr save is Saree ene eae ea eee ie 243 79 
WEL CEOSCODIC) tere Scotter Crake IE hee oe oe ee 2,276 20 
IBHOCOSApHICe ta ee oo NON, Meee tte aan cee ae ote iecete 225 15 
PROOIS ere ater See cel cconcr Nha tec a ae Ra ee ee Le 59 28 
IMIscellaneOusy mercer. suena eo ee oe ee aren ee 497 90 
: 24,067 31 
CALDENCER MSO Deets tie Waa eee SRE Nok cu ee ieee peetiere do hecis steceaaie ool asics 725 20 
(CLG ETON ER Ree ett cats Ee OR IN EEL GCN DME es nee aT Sa a em ea 447 13 
HALIMErS aN Stub IceSe Oe pancniuenten <a) senleterien! fc chs te ae end come elotee 6 Gas 522 27 
TEIGSPCU LBS ns uaes BEM OSRES Spee OORT me Eat eC OER ICRC ICRC aE eee IENE Bete 261 93 
FETOS PICA COULAL CSS yp ecrshn Wats eich laen fa areas etna ero euarel ota apes iets cael Sflevettus, oregon cue 6175 
IAT ETRE TAA GiGi eh in CRE Re DCS STORIE ORES EOL RCT Irony ic eee 57,813 88 
HWepartment of Nursery and Orchard Imspection..925 ...0-...+-5--46-- 80 43 
Once OrPResiStrare wae ee ee tener eae Merch. hs tines 2 nares rete 333 30 
TEASW IONE PSI INO) On a oes Siete ce Eee REINS OCIS RRC ROR ROE TIES En DIGRESS Cae 646 28 
TETSU SS TOHTCS oo pee bre 6 chenehcicr chin Biciogs ein Pucca OP ROI tO COO ene aan 873 58 
ME CLELAT Se OMI CC bpa tr acre sctorare terete aie ate oe te eee deel o terete eee iS Sale 2,178 79 


Mi SCeMANeCOUSS Brew stele rece oeain oka eI ee ine hao oe ee 4,214 95 
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SUMMARY OF EXPERIMENT STATION INVENTORY. 


Lands donated to the Station— 
80 acres at Grayling, fenced and improved at cost. 


5 acres at South Haven, 


fenced and improved..... 


160 acres at Chatham, including buildings........ 


Buildings— 


Bacteriological stable ... 


Experiment station feed 


DATUM Aas Otiseca eeu 


Veterinary laboratory, experimental rooms........ 


FV OUSE Mea A teas Siete ois 


ole'e) ise) [e) ol «0 \oJe/s)0,"Sis\'e, = le (a) pice lel ale 6. e 


Station erracer Ulin Sarr). acter ernie ah Acco ahs 


Scedhroomis ttre 


Slaughter house ....... 
Storacerbannve circ cscs. 


ITMSCCLE Yeo hicees eee os one 


Experiment Station— 
Division of Bacteriology— 


NGiteraAtUneL Maes oleae 
(Whemicalsie sents oo e see 


(AD PALAIS A cri eeiem elem eas 


Mixtinesiand onice SUpPMliGS seem 2. oe ror eee ener 


Division of Botany— 
BOOKS Pee ape ee eco hee 
Glasswarewks- cp oo ee ene 
Whemicalsrssf yas eer eros 


Abita Bes scaohop ooT 
Sumdriess 2s Gece pee 


General apparatus...... 


Miscellaneous) see 
PATE ic ne ones eerste 
Microscopes, etc......... 


Photographic apparatus 


Division of Chemistry— 
@hemicalss weve ae eee 
GIGSSWATClecs ces een ees 


Porcelain ware ...:..... 


Sampling material ..... 


Ofieesturnituron.and, SuUppLecS= enamel 


Miscellaneous .......... 


BOOS Mes pheves sate toy oe 


HAT DIVISION. wy. sas ones se 


Division of Entomology— 


OUR CUTE. cs) fet cies sore oils 
DUDDUCS ee nian ces we 


Miscellaneous .......... 
IBOOK Ser pire aise oie ake eis 
PAN DAM EULIIS uedstaytalaesiote sei) = 
Chemical supplies ..... 


Amount carried forward 


AGRICULTURE. 


$1,000 
1,000 
4,000 


$3,700 
800 
250 
1,000 
3,000 
500 
625 
600 
1,000 


$1,633 
652 
8,467 
229 


$15 
43 


$3,864 


$6,000 00 


11,475 00 


10,982 69 


1,252 08 


5,180 18 
1,392 04 


$36,231 99 
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ANON CR DLOULNGLOL WAL aesiokrn... clei eid hs oe 6s See $3,864 84 
Division of Entomology—Continued. 
BHOTOLTA PN Cs SUPT CS erence oon cie es eins oie oceans 411 05 
SHEP ONT SVE As Bin oak Oat or rit rarer tes CCIE TERE RSC ae eR oo ea 147 92 
Glasswaree or. see cen abe Ge eae o odd ae Se 430 87 
(QUT O GH Le oe Be et Age cr ecieetn SOR ee EO RR coe 185 87 
SUSTUIET Sle eae ooo acae eee SIC Raa OLS OIC rE at ee Soe tea 13 91 
SDIAy MACHINE) choc cheese ane he orsie haa ore a ein cutee 52 70 
ARGO Ss Se ese cS PROTA ot ee one eee 19 82 
Sobre er ees MeO OCG ROG DEOn COLO CITES OE On tn rae 94 12 
DLS ONO te EOE LECIHULUE Cio, cele a are coe ee he colboe oat ou shame fois coeds) ae oieke fe ae ects 
LUT DR TAY sous PS Re GR pa AI Big ceric eo OER EBD a OMGICIGECICRRATEIE Rea aan ari aera a 
Director’s office ..... BOCK DEO EO Ore es Aen OO Pea ene Line aye 
ESTE LIMIT OOM Arete eree la Sirota oMbaeretN SP avSe spe tol) ofebaleiate ‘aeyayave « Spaj ons deh 
PD IVASTOT a Ole SOT Shaye sar wo yoehel custo ono cel holes aoe neon sod nas oreera Laie Siders eereiels 
POUL havene Hx peLrimen CStatlOMryor cise ciseee crete) eisicliarne aye cies. ofl eua sie 
Wippereeninsula, Mxperiment Station. 2s scscsiye hese sec cens oc cweless 
ANGE don ts a Re ORE CO RTO CO OOOO OO IIE Dine ci ee eee a eon 


$36,231 


5,221 
871 
4,703 
409 
425 
591 
256 
2,016 


$50,726 


31 


10 
05 
50 
10 
76 
31 
15 
64 


60 
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REPORT OF THE PRESIDENT. 


To the Honorable State Board of Agriculture 

Gentlemen :—It gives me pleasure to be able to report a very prosper- 
ous year. Harmony has prevailed in faculty and student body. The 
general development incident to recent years has been maintained. 

The enrollment of students was 1,568, an increase of 74 students over 
the previous year. 

Commencement was held on June 22nd. The Baccalaureate sermon 
was given the preceding Sunday by Dr. Alfred W. Wishart, Pastor of 
Fountain St. Baptist Church of Grand Rapids, Mich. The Commence- 
ment address was delivered by Dr. James K. Patterson, President Emeri- 
tus of Kentucky University. The class numbered 128. Of this number 
52 graduated from the Engineering course, 35 from the Agricultural 
course, 16 from the Forestry course and 25; from the Home Economic 
course, Their names and addresses are as follows: 


NAMES OF GRADUATING CLASS. 
The names and addresses of those receiving degrees are as follows: 


(Students in Agriculture are designated by a; Engineering by e; Home Economics by h; Forestry by f. 


Name. Post Office. County. 
Anderson, Oscar Gustave, @........... 3el| ‘Shelby some ce oe eater etek Oceana. 
A OTM OMMMVVCHILEL. (Ce soc. ile io sys a sree e AST SLA WAStc ns ae ets ee ees ie ae Tosco. 
Armstrong, Emerson Allen, e............. Hast, Wansing. oes eel neem. 
Babcock, Leonidas Emile,a.............. iBattlev@recks pone e ae ee Calhoun. 
Bakers Harry Ween fon. S..sFasek eee sok Salings Sees toe pea hoe ree Washtenaw. 
Bald niin MsTheSPAVVOOUM Cli. choi, . nics ietosl| AVE Clan Cees oer ere eene Midland. 
SAT COMENGLAP LON ced © 5 = sitens,encl case es aaa Moline: Stict2 ocute ese ee eek. Allegan. 
rma TORIC MIG Asi ee sevae.- eis kins one ere Hremonts 4) citer ee eo ae | NeWwaAveos 
SIMISG PI OUMPAUSUSH enone © eclt> «elect a «ie PawaAsiCibyi wee kee ee ee ae ee Tosco. 
SORTS HVAT ele ts elon oh Sacco cosa cers QUING Yeast cu tele oe ge oe ee Branch. 
Bradley, Marjorie MacBride, h............ ParkuRidpe we ae Ye. as eens Til. 
Brainard, Athol Edward, a............... Onsted ee ep eect nga Lenawee. 
eneuiMD Roscoe Elisworth,.e............ Buchanan. yess ba eee Berrien. 
Brown, ‘Hugene Herbert; @.....:..:....-: DEETOM Sooke ee Peete hore Wayne. 
BuckMMatirice Mine: 6 ..- sinc ci ss ayemtns om Coopersvilles= cee eee ee Ottawa. 
CAMGR GUL OnE ine Gok ors Aoeineeolod oe ark Benton Harbor sees oe oe = Berrien. 
Gannenten Dwight Clark. dan. 5 cess ae olel|) eariSin ie eeieeeneeee cere ere rere Ingham. 
Carter, Herbert Marion, ¢).....2.-5.....- SoutheoHavell-psey se pci ane Van Buren. 
CHamberlainy Mdna Ms... fos .2cce. eels ||| SaTSIT See emer eee eee Ingham. 
GClankawillardg Bela, (6s). 2 soci e one ee oe Kalkaskacc: ae uee oat eee Kalkaska. 
Wleveland sOliver ELedZeS: 6. Ges c. Sicscee 4 coe) ACUI ATA ee rere lenerelon spt iets Lenawee. 
Whiz her uvanl PONMNS Cs 2 oy xcoshs ee ce sit eee QuInCV.s3-. cor tee eee Branch. 
Collingwood, George Harris, f............. EaSt Wansin hie oesctta eae ree Ingham. 
Cortright, oo NOH 5. cote tc MASON... osu cke bee ee eee Ingham. 
Crane, U. BOOP Ootou seo ay ORin ose vane saan ses oe Allegan. 
Curtiss, Bhtics Weight, e. swe as Sone Camdent:= 52422; nee bo ee Hillsdale. 
Dayharsh, Frank Pleven, | i ra I = Chin ah wk ers a5; obra aoe Oceana. 
YGEMOMID PU ACOD, Bo. Ghee ley eis inty om ole oer Grand Rapids: sn nee ree Kent. 
Dewey, George W iliiam, “TR RNS SER Bat Bellaire vet. coe ae eee Antrim. 
Dimmick, Guerdon L.., 7 OWOSSO... 2 shoe can ooo euleShiawassee: 
Dodge, Helen Flizabeth,h............... Teansin gs se aoe eee Ingham. 
Wtihieweerbertymlah, ¢.). 8... wr. eee | Grand Raps... 6.1 crepe oe ..| Kent. 
Edwards; Ray Charles, @..........:-..008- SovttihiPrankiortince snes ttn Benzie. 
Eichele, FIGIEVIENIATIO MID atin cota Seno we TAMSIN Ee eee are ce ee Oe Ingham. 
is! seni CHanlGS Etat mess oes s crine des aes Lansing ts sci ttre cee eee ae Ingham. 
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Names of Graduating Class.—Continued. 


een nn ee 


Name. Post Office. County. 
Helton, Winitred Ethel; i... -.\..- 2.1. Ingham. 
France, James Glenn, @.....--..-.-..-+:. Berrien. 
ravers blizabeth: JOHNeC! Retin: =. .~ciske Se N.Y. 
FEVER MALIOSEN 7) Davo eve, sa soe =: Sahay help ese 2 Kent. 
EDU E TOP AUD ELBA focca ste outs tag neste eet, 6 suet nbocs ss Wayne. 
Gibbs sHlOyd) JenQe oes ale pt pe ryts o slotegs 22s Sacinaw. 
Goodell) Zelin' Calvin, F....2. 2.2%... 2. ee LGC STITT 225 See Sierra Ode ae Ingham. 
Greeuleat; Myndret Charles, ¢...-........| Onsted.-. 2... 0.2... - seen. Lenawee. 
Hamilton, Charles Andrew, e............. Grand peed ees soo ts sce ert Eaton. 
Hays James Grantiidlsy Qs sp) s0<c\> - atebawe= Pit fSpureh eer eee wakes Ser PA. 
HeaTICKSOMPANITEds. Ganda noe nese sae Shelbye sere ee ee Oceana. 
PeCuu een Del aioe tek coca silat saloa tale = ORemOsiyaeran cs etter oe pec Ingham. 
Hilton, Eber Copeland yf - 23.. c.~ a. <)- 2.26 ITEMIONE he eee ee ee stares oe os Newaygo. 
Holdsworth, Robert Powell, f.......-..... Wash Lansine’ J sit ose ses ve aes Ingham. 
lEiGginvta- VU Oba omcord denn cmoanar EOwWOSSOM a ee ie ee Shiawassee. 
aT Dee Ode Os taee. Feta a a ss ae Sipser Okayanmalkcenioniec a cise oo <a aces JAPAN. 
selfery> Alice Blizabeth, Won... . mt. Jo NCUEISHT Petar ot Perse Bene ye ako e cre Ingham 
CWC PEL OR = UaNTENUSE Cie Scichcsapei en cres's v= fsi.sve ROCK GLA: AP ate is Scio noes Kent. 
JOHNSOU WOleVHaaKONs) 6x.6 52. 2 sacs seme = EAR SIN erate others iclegts ae ore Ingham 
Jones; Clifton ‘Clement; (€. 2 cs. os o-oo LIM ErAa ee nc os. Soe ee eye 
A Yala ye TOW ATO 1 Co. 5 faves sysce sy2 ay Siocon 6 IDGETOI ace eiaie et Se eee eee _-| Wayne 
Kedzie, Margaret Adella, h............... BAaShehansingen sotto. senate Ingham 
CIP H Serb, WINIATI Gs, c+ Severe 22 yn 2 Sey ens RPAvlio} Sorts Ome ae Beene Berrien 
Kanne) Fella Mauda so: )0i6.2 cece ee yas ANAS INO V EE hoc toue co oheis) Gos os soak Ingham 
Knecht, John Wesley, (Thc Oe ay 5 SR ee GrandehapildSesccisciic + Ace an Kent. 
Knoblauch, Herman Bred coc nos can aoe IBLISSHEl Ges ot. ee eee oe, Lenawee. 
Knopf, Carl TSS) alia Ck (0 pe ecole teres etree anc ae BHSSHEl din aty8 5 sco crete erste hata Lenawee. 
Kolb, Eugene Henty, ¢ ieee aeiatnc toe pes Uiionvillekac eke te eee Tuscola. 
Kopf, PBVCLYIDBIMA Ty ai Ars sic eicock snes) ssn aia HAST ESE A hye, Se eee mee Barry. 
anne nOrenn Grant, €:p-c. oes bole de se ese UTP eee eee ee feet ene Genesee. 
Langdon, Charles Samuel, a.....-....---. Hnbhbardstouleo. soe eee. Tonia. 
Lindemann, Edward Christian, a.......... Bi Claintaeneereoonis. aoe. os St. Clair. 
haindsley, Louise Palmer, ht). .5- 2. <<. - aT DOr SOLIS serc exch cts 4 rel Emmet. 
iutons JohNeOWVer, Gs cock e6e .455 245 cee Otsezonee ee Cees ee ee Allegan. . 
LV OSSUN EG LONE rf Se SE 7 hele eee ioe co: Tem ONL see soiree 5 ee Newaygo. 
Hossimes Herbert, Alfred, 552 2% «4 a-1.5 1s EIFEHIOME een ee na ee Newaygo. 
Hee mheona Napalien Ds. .2s12::2aeAans oes TUG See et hatha rae, Sar ass ae Genesee. 
McCutcheon, James Herbert, f..........-- IBO YE) CH Ysrers le cee ee tes eeiin os Charlevoix. 
McKibbin, Clifford Worden, f............. MAATI SITS ee ow ois cliches ois os Ingham. 
McNaughton, Edna Belle, h..........62.- Middleville © re eRe iets Tee ee Barry. 

Pe Witiie yAlexanGer nai paeracies = ate MSI it gent ogre ail) Wemats Bin nets Washtenaw. 
Newtou; Walter Alfred; €)..... 3.22225 jee! KG AIN D700 Bette: eked nn ok | Kalamazoo. 
@OckKada, Charles Junz0, G2 32: .c.-)s cee Tivn(o lo, MORO eee one ieee Peni pe ge JAPAN. 
Olmstead, William Ray,e................ Inne Etarele 6 bce ane ee aoe ie cei Saginaw. 
Osborne, Gurdon Hoard, ¢. Pee, eee DCEO Se. fa Asean aie foe ners = Se Wayne. 
Palm, Blizabeth. Myrtilla, bh... .2.-.-.2.... MART MUANSIN Ge... 0-4 a fence 5 See. mehamns 
Parmalee, Mae Villa, h. eee PE MSCOLE MIN estat sio.c a cic tarenrn Aah ots | Mason. 
Pennington, Mary Bertha, h.. GEandURapidss sq -7.40\ 55 San a oe ; Kent. 
Perham, Stanley Harrison, e..........-... LEGyahin( Ch se = oe eam on © CE «.! Kent. 
Perrin, Stephen IVE ame Ces eect eae ate Site Pitt StOLd ener. cit) ees oer Shiawassee. 
Peterson., Hary Samuel, Cos. 25-5. cnet HET C ASE Me oyceel ootns ook en eer es Pas Missaukee. 
Porter, Benj. Church, Jr., a. Grand Rapids...-:.--...--..-- | Kent. 
Powell, Ralph Waterbury, e er ee ts Oni ath hee cia cae eee Tonia. 
Pratchner, William Wells. a5. 2 2.5.0.. tam, Santa Origa aortas ce CALIFORNIA. 
Richards, Fred Jerome, e... GAI RUINS es ihe ones haere aed ona | Ingham. 
Robison, Mabel ieee i Gewese WAS. Cov: aaah are Stolen 2 | Tuscola. 
Roe, Clarence SARC Me arte Fae Peer ais aTSiT Oe Sao. NN ts Do Nes 2 en | Ingham. 
Ratk-sauies, Bin, €. 52.0... -.- alee GASES Oe ee eae ae I Learn 
POSE OH ATICSPILOVELL, Gizatice-.. we fae ak OUT ee nid ko ee? ie es Osceola. 
Sauve, Edmund Chester, ¢-.........6...4. East Tawas : | Iosco. 
Behachen,, Ver Cliftord, @.02--. 0... shen SHITeIST I ee ee eae = | St. Joseph. 
SENUCIGer sili 7a DeLay EVCleH se... 2s cc cate || UANSINS’. o. eviews es nehslns eae | Ingham. 
PEMUID ACH EIN ATG CGCOLLO ens tr. elk ¢was|h ELRCOW srt ck > ities ehtreea etate <r eee Huron. 
Medi led: Biynt; Gon... ona 2 22 gy | Hersey: 2. eee meee en es Osceola. 
Severance, Clare sallivan,, Gs 22. ser n= - cone HETIFO Mees there WE Aare eee ia tee Genesee, 
Shanor, William WU Gem (Lieey cas eka ea DEAR ANG O\bay Ud tig Teepe asc Gee One ee PENNSYLVANIA. 


a ae 
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Names of graduating class—Concluded. 


Name. Post Office. County. 
SLOSS EGA DMIAWALCOX-w fie pts terse ciate lyre BigVtapidsh ie etter ets a ite Mecosta. 
SHAE No Gly ebarmlOn 6) sued -dolens wl= j-tni-gore eile IDHioeoe ooo osaoocseacSaa on Wayne. 
SpringeruGeorze Perey Ce wee oe ete oes Wihitealllc nc cee code heen Muskegon. 
SpnroabeeWall Navision len oreds cvetecs bars cones GrandeRapids: 2: coe neem ere Kent. 
Steck, Edward ‘William; @...............- Three Oaks. ouieuen ak ue weak emer Berrien. 
Matt HOW aArG. AUIShIM ey Git sett ie a.cy= srueeratele ASE aNSin eles secu meee eee Ingham 
Tappan Amory Wesley, i. ci. rots = alee (ate Waste Wasi 0. lor ciate = oteece Ingham 
Thomas Charles: Peach) ei .-). =i. eclem -- is SoutheRyerates neces sees ae VERMONT 
Tillotson, Fred Howard, -€...\-%)-).t-<%-15 0 BI STOP eects Mee Sansa tea ates) awe Clinton 
Rravitm ans PtWelepensckie creme. sess cee non. Wayland). 2 tyencrrescie -nerenecotter kev Allegan 
rue, rank wathrops Gee ray tiene ate alee ATINAGD A= 6 he nse te sek oes elorern ae Macomb 
Tubergen, Charles Burton, @.........2.... GLAMIS Rap G Secrets eet er ere Kent. 
Urghart, wWilliamPrHenry,/6%\. ie wn DetEOltsess oak ae eee Wayne. 
WO 1s Koy wots Karl Eat parece ee cee Eee che I Marquette: cic teta cus < © ceebolctere sts Marquette. 
Wiles Henry Basilafe secre cine re 2 sc the ois PLLGOM ck kf. Meise chee Ste Huron. 
WialIker eOniS Me abyage fs % jeketerets ise 1- os fete nee alls SPmlsnacer aki eee Mackinac. 
Wallace, Wdwinebanlieonn.... 2. 02sec. AI DIONE nc eae eke too ie eee Calhoun 
Walker), WaltersRae, @) bcc. aoc ane ates Detrolin eee see ee eee Wayne 
Wandel: Hdwin Phillip! @s22 2. 0c. 22... GrandeRapids-a. ea eee Kent. 
Wisin eons GeOree) Citar, .)sPe icra tsin stares. ot FROULHTOMLS bee pectocecn Rio eee Houghton. 
Wit Gis MGreOree MEN WIM) .).). (a. °.sormladsame aBelete se NITOSE ele CEL One ee sre Kent. 
Wihiyte: bhonias! Callin} (62 s/s ..n- eters eee INGHRO) haw Goo, doonadaoDadogebes Wayne. 
Wilson? Hrederick Grover; fi... 0: 2.8-..--%-- PhviMoOubhieck. eso rk ee eee WISCONSIN. 
UES OTIMLIVIR ACen 2 ete ors yx elhalic siete tewece ae ean Grand skapidss-- eee Kent. 
WVALITaMI SOM SEPA AME t Sh... Gis cacholeicts hls eer Tu dintepone: Seen en raleoaok cere Mason. 
WWiOOGADevillomDennGy iets.) .c)s) der sastepene Mansing hoe sca’. eee eee ees Ingham. 
Wright, Edward Farrand, a.............: DEETOME are tertloms seeietc eke eerie Wayne. 
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SUMMARY OF STUDENTS. 
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The college lost a very useful man in the resignation of Chester L. 
Brewer, Prof. of Physical Culture and Director of Athletics. Mr. Brewer 
was with the college about seven years and during that time he brought 
his department to an unusually high degree of efficiency. His quiet and 
sane method of dealing with students won for him a warm place in 
their affections, and his high standard of morals as exemplified in his 
daily life has no doubt had a lasting influence for good on the lives 
of a large number of young men. He resigned to accept a similar posi- 
tion with greater responsibility and a much larger salary in the State 
University of Missouri. 

Mr. John F. Macklin, a University of Penn. man, who has had charge 
of athletics in the Pawling School, New York, succeeded Mr. Brewer 
in January and has already given ample evidence of his fitness for 
the position. 

The needs of the college are much the same as set forth in previous 
reports. Our library, on account of lack of room, does not render half 
the service to the student body that it should, to say nothing of the 
constant danger of fire. | 

The college has no meeting place for students except the old chapel 
and the armory. The chapel will seat about two hundred fifty people 
or less than twenty per cent of the student body. The armory is needed 
every day for other purposes as it serves for a drill hall, gymnasium and 
vlace for social affairs. It requires considerable work to make the 
oom ready for a meeting. Because of the lack of a suitable auditorium 
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it has not been felt advisable to try to carry on a lecture course this 
year. It is greatly to be regretted that the ‘college is not able to give 
its students “the opportunity to hear some of the orators of national 
reputation. 

The last Legislature, appreciating the great need of better library 
and auditorium facilities, voted one hundred fifty thousand dollars for 
the erection of such a building, but the Governor interposed his veto 
and the measure, greatly to our regret, failed. 

In addition to a library and auditorium the college should have at 
once a gymnasium, an additional wing to the woman’s building and 
more dormitories. 

The financial needs of the college are not confined, however, to the 
funds necessary to erect new buildings. There is a very strong call 
now from the farmers of the state for more help from the college. 
They ask for more institutes, more demonstration trains, more speakers 
for meetings and for more help in various other ways. They are in- 
sisting on more extension work on the part of the college. This move- 
ment is quite general throughout the country and a number of states 
have responded by making large appropriations for traveling schools 
as well as for other forms of extension work. 

The college should meet the call from the farmers and inaugurate 
as soon as the funds can be provided, a system of traveling schools 
which will carry to the farmers of each county much of the practical in- 
struction now given at the college to short course men. 

Our department of Agricultural Education has succeeded in having 
fifteen high schools in the state organize agricultural departments. 
These departments are in charge of graduates from the college. The 
work given is very helpful and is very much appreciated by the pa- 
trons. A number of other schools will organize such departments next 
year. 

There must, and will be, a great onward movement along all lines of 
agricultural education within the next few years. The work has just 
begun. The agricultural colleges and experiment stations must be the 
leaders in this great movement. They should assume the leadership and 
by aggressive effort maintain it. If they are not ready to meet the great 
demands made upon them independent movements will spring into being 
which though good in themselves will be much less effective than if di- 
rected by a central organization. This college will need during the 
next few years in order to meet the responsibilities placed upon it 
ereater financial support than it has received in the past. The college 
has the confidence of the people of the state and it is believed that if 
they realize the needs of the college, financial support will not be lack- 
ing. 

For information concerning the work of the various departments of 
the college, please consult the reports in the following pages. 

J. L. SNYDER, 

East Lansing, June 30, 1911. President. 
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REPORT OF THE DEAN OF AGRICULTURE. 


To President J. L. Snyder: 

During the year no changes occurred among those in charge of the 
departments of the agricultural division and the same is also true of 
assistants and instructors with but one or two exceptions. The future 
success of the division must depend largely on retaining the services 
of the present efficient staff. The organization seems to be well adapted 
to meet the demands made upon it both in educational work at the 
college and in extension work in the state. There is great need, how- 
ever, for the establishment of extension work along dairy lines in- 
tended to aid in the improvement of the quality of the dairy products 
of the state. 

The office of the Dean and Director has received very satisfactory aid 
from the assistance rendered by Mr. R. J. Baldwin, whose services were 
procured January ist, 1911. 

The department of Farm and Horses is operated jointly by the Dean 
of Agriculture and the Farm Superintendent. A separate report of 
this work has not been prepared as it is the intention to issue a financial 
statement relative to the crops produced covering three years past. This 
department endeavors to produce food stuffs as far as possible for those 
with live stock equipments and also to furnish the necessary team labor. 
In addition to this it included the control of the horse breeding opera- 
tions, represented by fourteen registered Percherons and five erie 
dales. 

The work of nearly all Pear enee of the agricultural division may 
be given a triple classification viz.: education, experimentation and ex- 
tension. Only three of the ten departments receive moneys from fed- 
eral appropriations for experimentation. The work in horticulture and 
crops is maintained in part from Hatch funds while soil investigations 
receive support from the Adams bill revenues. Small portions of the 
salaries of six department heads are defrayed from experiment station 
funds. This therefore means that the farm crops and live stock pro- 
ducing departments are reliant on current college funds for the per- 
formance of their triple functions. As the three lines of work named 
are non-revenue producing it necessarily follows that much larger ap- 
propriations are necessary than would be the case if the departments 
were being merely maintained or operated on a commercial basis. An 
attempt has been made to develop the various departments uniformly 
and symmetrically as illustrated by the standards acquired in the case 
of poultry, swine, sheep, beef and dairy cattle and horses. The mainte- 
nance of a number of breeds for educational purposes is costly as illus- 
trated in the sheep equipment where there are now eight distinct flocks, 
necessitating separate breeding, feeding, yarding, pasturage etc. In 

handling a “commercial sheep equipment there w ould be but one flock, 
one ram, one by-pen, one yard and one pasture in use at a time thus 
reducing the cost many times over. We believe a strong live stock 
equipment should be maintained and with the triple demands on it 
liberal financial support is needed. 
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Heretofore the forest nursery work has been scattered in various 
places on the lands under the supervision of the forestry department, 
some of the work having been fully one and one-half miles distant from 
the college buildings. In order to economize as regards labor and locate 
the nursery work within easy access of the student and visitor field 
No. 6, located just across the Cedar River, has been turned over to 
the forestry department for nursery work. In return for the tract 
which comprises about 29 acres, lands hitherto used for forestry pur- 
poses located between. the Pere Marquette Railroad and the Mt. Hope 
Avenue Road have been turned over to the farm department. During 
the past winter nearly all the straggling timber was removed from the 
tract and made into wood or lumber. 

On June 19th, a four weeks summer school in practical agriculture 
was opened with about fifteen young men in attendance. The object of 
this special course is to give young men from villages, towns and cities 
lacking in farm experience, an opportunity to learn how to do all kinds 
of farm work in the most efficient manner, though the time allotted is 
not expected to produce skillful laborers. Those who have not been 
trained on well operated farms are required to take this course before 
graduation. 

The following is a statement of the number of students enrolled in 
the agricultural division during the year: 


Students enrolled during 1910-11 in Agriculture and Forestry. 
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Special Short Course Students, Winter Term, 1911. 
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The one week courses in corn growing, poultry raising and dairy- 
ing were well attended and much interest was manifested. _ 

The following is a statement of the work of Mr. W. F. Raven, Live 
Stock Field Agent who was also employed part of the time in other 
phases of agricultural extension work: 

“Beginning in July, I completed the Agricultural Soil Survey of 
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Roscommon County, going over every section of 12 townships, writing 
a description of each section and where the soil varied in composition, 
samples of soil were taken, labeled, numbered and sent to the soils 
department, for analysis. Prof. J. A. Jeffery spent three days with me 
taking photographs of the homes, both occupied and abandoned, in 
township 24 north, range 2 east, and advising me in the classification of 
the soils and comparisons of classifications. Mr. O. K. White spent 
four days in determining the horticultural possibilities of the section 
surveyed. Prof. A. J. Patten spent three days advising as to the classi- 
fication of soils and methods of taking soil samples. Altogether 13 of 
the 16 townships that comprise Roscommon county have been surveyed. 
The following remain unsurveyed, viz.: township 21 north, 2 west is 
owned by a corporation known as the “Milwaukee Fruit Farm.” Town- 
ships 21 north, 3 and 4 west, are forest reserves. 

I looked over 87 sections of land for the Antrim Iron Co., in Antrim 
and Kalkaska counties; 950 acres for Harrison M. Parker, in Muskegon 
county. September 12, I gave a lecture at Bean Jobbers’ Convention at 
Saginaw. Attended State Fair three days with college exhibit. Gave 
lecture at Harrisburg, Pa., before Pennsylvania Live Stock Breeders’ 
Association, topic ‘Michigan Methods of Live Stock Improvement.’ 
Attended the National Corn Exhibition at Columbus, Ohio, during its 
session and while there gave two lectures, one at the Ohio State Univer- 
sity before Short Course students, the other before College Extension 
workers at the corn show, the topic in both places was ‘Michigan 
Method of Live Stock Improvement.’ I also attended the National 
Dairy Union at Chicago (at my own expense) and gave a lecture on 
same. 

I have organized Breeders’ Associations at the following places: Long 
Rapids, Alpena county; Adrian, Lenawee county; Grand Rapids, Kent 
county; Barrytown, Mecosta county; Shelby, Oceana county and assisted 
in the organization of Central Michigan Holstein Breeders’ Associa- 
tion at Lansing. I have attended the one-day institutes in Isabella. 
Sanilac and Ingham counties; the two-day institutes in Montmorency, 
Cheboygan, Emmet, Wexford, Lenawee,- Washtenaw and Ingham coun- 
ties, besides accompanying the institute train one week. Have given 
lectures at the High School of Saline and Watervliet and judged 
corn at the Boys’ Corn Growing Contest, at Muskegon. I have visited 
every farm in Columbia township, Jackson county, and collected the 
farm statistics of each farm. 

I have visited the following places in the interests of better live stock 
and in nearly every place have held one or more meetings as indicated, 
with an attendance of from 18 to 80 farmers: McBrides, 3; Traverse 
City, 3; Vandalia, 1; Jones, 1; Grand Rapids, 3; Barryton, 3; Mecosta, 
1; Remus, 3; Missaukee Junction, 2; Cadillac, 2; Long Rapids, 2; 
Lachine, 1; Defoe, 2; Trenton, 1; Kalamazoo, 1; McGregor, 1; Argyle, 
1; Bay Shore, 1; Manton, 1; Morley, 1; Stanwood, 1; Big Rapids, 1; 
Sand Lake, 1; Shelby, 1; New Era, 1; Kaleva, 1; Bellaire, 1; Alden, 1; 
Bendon, 1; Alpena, 2; Hillman, 1; Mt. Pleasant, 1, and Beal City, 1. 
I have visited 879 farms, the owners of which had 2,520 cows of which 
52 were registered and 488 were being bred to registered sires. I have 
established three herds of pure bred cattle; Joseph Bowden, Alpena, 
Geo. M. Brooks, Manton and E. M. Lamos, Barryton. Among the 2,520 
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cows I have placed 32 registered sires, that is, the owners of cattle 
have agreed to purchase the sires. They have not in all cases pur- 
chased them as yet, but are negotiating with parties for their purchase. 
I have organized nine Alfalfa Clubs, viz.: Melvin, Carsonville, Leslie, 
Wolverine, Harbor Springs, Atlanta, Hillman, Manton and Weidman. 
Have looked over about 90,000 acres of cutover hardwood land in Che- 
boygan county with Mr. A. B. Segur, of Indianapolis, Ind., for the 
purpose of opening them for agriculture. 

I have attended the annual convention of the Federation of Operative 
Millers’ of America, at Detroit with the Station exhibits of wheat, 
flour and bread. During the vear, I have visited several of the Breeders’ 
Associations that I have organized and with the exception of two (Jones 
and Traverse City) all are in a prosperous condition and doing good 
work. The two mentioned are still using the Association methods of 
work, but have surrendered their corporate charter. This was the result 
of disagreements among the members of the Association. Four weeks 
were spent with the short course students, June 19 to July ist, 1911.” 

Respectfully submitted, 
R. S. SHAW, 
Dean of Agriculture. 
Kast Lansing, June 30th, 1911. 


REPORT OF SOILS DEPARTMENT. 


President J. L. Snyder, College:. 

Dear Sir: During the year just closed this department has given 
instruction to something like 375 students of all grades. This number 
would be increased by at least 150 if it were not for the changing of 
the schedule, which has thrown several of our classes farther ahead 
in our course. 

It is a pleasure to report that along all lines, we have been enabled, 
as predicted in our report of a year ago, to enlarge and make more 
practical the different courses which we are offering the students. This 
is due to the better facilities offered by the new building for such work 
and also to its influence upon the spirit of the student body. 

Mr. Spurway has done excellent service as instructor and is responsi- 
ble in no small measure for the enlargement of the work. 

A new departure this year was a trip of inspection to six typical 
farms of Michigan. The results were so gratifying that it is planned 
to make this feature a permanent part of the work for the future. The 
inspection of these farms gave to the students a better conception of 
the possibilities of the farm, as well as of the importance of correct 
management. 

As usual there has been a large demand for extension work, so large 
indeed that we were unable to respond to all the calls made for help in 
this direction. These calls came from the State Teachers’ Association ; 
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high schools of the state; the farmers institutes; boys’ corn growing 
contests; county Y. M. ©. A.’s: normal schools; county commissioners, 
etc. 
Respectfully submitted. 
JOS. A. JEFFERY, 
Professor of Soils and Soil Physics. 
East Lansing, June 30, 1911. 


REPORT OF THE DEPARTMENT OF DAIRY HUSBANDRY. 


To the President: 

The instructional work in dairy production has been given during 
the past vear as scheduled in the catalogue, in connection with the 
class work of the animal husbandry department. 

A keen interest in this work has been apparent throughout the year 
and while the classes were exceptionally large we feel that the year 
just closed has been quite successful. 

During the fall term 17 seniors took the work in Creamery Butter 
Making and in the spring term instruction was given in Farm Dairy- 
ing to 87 sophomores. 

The past winter the two special courses in Creamery Management 
were each extended two weeks making the first year course eight weeks 
in length and the second 6 weeks. 

The number of men instructed in the special courses is as follows: 


inst: year jereameny % eter auocess ane Se cue ae ee 53 
Second “year sereamery: 7) Koel oie Sash te eo eee 6 
Cheése;amakane: FarensinG cee ore feck cl tee ane ee 5 
Barna pd aireyiaie ss, stat Sc ee wie be reietaes RL ee as 51 


The increasing number of factories making butter from gathered 
cream and the difficulties encountered in the manufacture of butter from 
gathered cream have necessitated a marked change in the instructional 
work of the creamery courses, both in the purchase of raw material and 
in the methods of manufacture. 

Kach year the number of inquiries for men with dairy school train- 
ing to fill positions in creameries and other dairy plants has increased 
so that every man wishing employment during the past year has secured 
steady work. 

A large part of the instructional work in dairy manufacture has 
been done by Instructor W. B. Liverance, assisted during the special 
courses by Messrs. Simon Hagadorn, Charles Dear and Robert F. Hop- 
kins, to all of whom we are indebted for efficient work. 

During the year 18 old stalls in the dairy barn were replaced by 
modern ‘sanitary ones. The herd has improved by the growth of the 
comparatively large proportion of young cows and heifers included 
within its number. All of the animals under semi-official test for yearly 


DEPARTMENT REPORTS. 43 


records completed their requirements with very creditable margins, 
and a number of superior seven day official records were made. 

All the members of the herd are tested each year for tuberculosis. 
The number of reactions secured from year to year has been steadily 
decreasing. This year we are pleased to report that none of the dairy 
animals responded to the test. 

The equipment of barns and cattle for dairy production is compara- 
tively satisfactory, but we are compelled to report that the present 
building used for dairy manufactures is inadequate and poorly adapted 
for the purpose. During the past year we have been compelled to hold 
classes in milk separation and in Babcock testing in portions of the 
basement. 

This basement is little more than a cellar and was never designed to 
be used for any such purpose. We are trying to make the best of the 
situation, but until some more adequate and sanitary structure is avail- 
able for the dairy manufactures work that portion of the department 
must suffer serious handicap. 

Respectfully submitted, 
A. C. ANDERSON. 


REPORT OF THE DEPARTMENT OF HORTICULTURE AND 
LANDSCAPE GARDENING. 


To the President: 

Sir: I have the honor to submit the following report of the depart- 
ment of Horticulture and Landscape Gardening for the year ending 
June 30, 1911. 

There have been no changes nor irregularities in the class work dur- 
ing the year. Classes in all subjects have been larger than in any 
previous year. This is especially so of the elective work which begins 
in the fall term of the junior year. This increase in the number of 
students electing the technical work, emphasizes the need for additional 
equipment, and one of the most urgent needs is for a new range of 
greenhouses. The present houses are not suited for purposes of in- 
struction. A range of several houses should be erected in the rear of 
_ the laboratory where they will-be near the class rooms and gardens. 

These greenhouses are needed for the laboratory work of the follow- 
ing classes: 

Fall Term for Seniors in Plant Breeding. 

Fall Term for Junior and Senior Women in Floriculture. 

Winter Term for Juniors in Greenhouse Industry. 

Winter Term for Sophomores in Plant Propagation. 

Spring Term for Thesis work for part of the Seniors. 

_ Spring Term for Sub-freshmen part of the term in Vegetable Garden- 
ing. 

The lack of this equipment is a serious one for the department and 
ranks us behind other colleges and universities that we have to com- 
pete with in training students. It is hoped that provision can be 
made at an early date to erect these houses. 
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Each year our experience indicates that it is wise to continue our 
efforts to increase and strengthen the technical work at the expense of 
what might be called a popular presentation of the subject matter. If 
our graduates are to successfully compete with those from other colleges 
and universities in commercial and scientific work, we must make every 
effort to have them thoroughly trained in the underlying fundamental 
principles of the art and science of the subject. The practical applica- 
tion is very largely a matter of time. 

Plantings on the campus to increase the varieties of trees and shrubs, 
have continued. This is desirable for the general appearance of the 
campus and especially to provide living material for class instruction 
in the landscape gardening and other courses. 

A continued effort is being made to add to the attractiveness of the 
gardens and orchards. The greatest demand seems to be to increase 
the fertility of the soil and this is being done as rapidly as possible in 
every practical way. 

The extension work of the department is meeting with splendid en- 
couragement in all the fruit growing sections and in many others where 
the farmers have shown a disposition to care for their orchards or make 
new plantings. 

Early in the spring, arrangements are made for a series of meetings 
in communities where the demand is the greatest. These meetings are 
not of the lecture kind but are held in orchards and the people are in- 
structed by observing the actual operation performed before them. The 
first meeting in the series, held early in the spring, would be on prun- 
ing, and spraying for scale. The others would be on the early foliage 
spraying; cultivation; thinning and later sprayings; cover crops and 
packing. In addition to these demonstrations, a large number of other 
meetings are held as time permits and the season demands. 

The usual number of farmers’ institutes and high school meetings 
were attended by members of the department who took an active part 
-in them. 

Exhibitions were also made-at the State Fair at Detroit and the 
West Michigan Fair at Grand Rapids. 

The spirit of cooperation that has existed between all members of 
the department for the advancement of the work, continues and I 
again have the pleasure in recording the work of Assistant Professor 
©. P. Halligan, Instructors Thomas Gunson and O. I. Gregg, Field 
Agent in Horticulture O. K. White and Foreman A. Davis has been 
thoroughly satisfactory. 

Respectfully submitted, 
H. J. EUSTACE, 
Professor of Horticulture. 
Kast Lansing. June 30, 1911. , 


/ 
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REPORT OF THE DEPARTMENT OF POULTRY HUSBANDRY. 


President J. L. Snyder, East Lansing, Mich.: 

Dear Sir: The instructional work of the poultry department has 
been unusually successful, there being greater numbers in the classes 
and exceptional interest. 

For the regular senior work, five men enrolled in Agriculture 5 b, 
twenty-seven in Agriculture 5 c, and twelve in Agriculture 5 d; one 
hundred twenty sophomores took the poultry work given as a part of 
Ag. 1 a; 55 juniors the work given as a part of Ag. 3 a; fifteen com- 
pleted the special eight weeks course in poultry, and twenty-five en- 
rolled for the one week course, thus making a total enrollment in 
poultry work for the year of 242 men, not including the general short 
course agricultural students who were given two weeks of lecture work. 

A new feature was introduced in the way of a Poultry Institute 
or one week course in poultry raising, regular classes being held each 
morning with meetings in the afternoon and evening. 

8:55 to 9:50, Housing and Yarding, H. L. Kempster. 

9:30 to 10 45, Incubating and Brooding, J. L. Nix, Pres. Prairie State 
Ine. Co. 

10:45 to 11:40, Feeding and General Care, Prof. Ww. R. Graham, O. 
yall OA 

Tuesday: 1:30 p. m., Poultry Diseases, Dr. C. E. Marshall, Dr. F. 
W. Chamberlain, J. O. Linton. 

7:00 p. m., Keeping Poultry on a City Lot, John Dubois. 

Incubating, J. L. Nix. 


Wednesday : 
1:30 p. m., Poultry Judging, James Tucker. 
7:00 p. m., Canadian Marketing, Prof. W. R. Graham. 


Thursday : 

2:00 p. m., Chalk Talk on Breeds, Franklane L. Sewell. 

7:00 p. m., Conditions of Table Poultry on the European Markets, 
F. L. Sewell. 


The work was given as a part of the eight weeks short course, thus 
affording these students an opportunity of meeting some of the most 
prominent poultry men, and although only twenty-five enrolled there 
was an average attendance at the meetings of seventy-five people. 

The annual college poultry show was held at this time, with a greater 
variety and better quality than in previous shows and for the first time 
it was considered unnecessary to enter college birds for display. 

Aside from the instruction work at the college more people in the 
state have been reached. The demand for poultry judges at the county 
fairs has been unusual,and the several exhibits judged have afforded the 
department an opportunity to come in contact with those most inter- 
ested. The sending of speakers to the various high schools and in- 
stitutes has also assisted in creating an interest in better poultry and 
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the institute train work served as a means whereby the department 
was enabled to determine the needs of a greater number. A larger effort 
should be made to come in contact with the farming classes and en- 
deavor to cause them to appreciate the necessity and desirability of 
better care of farm poultry and poultry products. 

The experimental work on the comparison of houses has been con- 
tinued and a report is being prepared. This part of the poultry de- 
partment work has been neglected because of the heavy instructional 
duties. More attention should be paid to poultry experimentation and 
demonstration, and it is the hope that this work will be encouraged by 
special help and equipment in order that the departments influence may 
extend beyond the instructional work to the complex problems of the 
poultry man. 

The equipment has remained unchanged. About 1,300 young have 
been raised to replace the old and there will be a greater variety thus 
making the flocks more adaptable to student work. 

It has been very difficult to properly equip a man for poultry work 
in the past because of lack of time. Also some of the agricultural 
courses have been criticized because of lack of poultry instruction. In 
order to correct these two conditions a change in courses has been made. 
All poultry work is to be given in the junior and senior year, the junior 
work being required of all agricultural students, viz.: origin, history, 
and characteristics of the more common breeds of poultry as a part of 
Animal Husbandry 3; the Feeding of Farm Poultry as a part of Ani- 
mal Husbandry 4, and Elementary Poultry Raising as an independent 
subject in the spring term. The senior work is more advanced. By 
this arrangement the agricultural student is given a general course 
in poultry raising and the poultry specialist will have a year’s prepara- 
tion, thus enabling him to do more satisfactory and thorough work. 

The department feels the need of more room. Crowded conditions are 
not conducive to thorough work. The use of a room in the Agricultural 
Building for a laboratory greatly relieved conditions during short 
course, but the use of temporary quarters is unsatisfactory, due to the 
impossibility of securing and of maintaining permanent equipment. 
Classes in poultry judging were held at the poultry house and this 
building was inadequate because of the large number. The practice 
work in poultry feeding must undergo a change. With the large num- 
bers taking the work, under present arrangements it has been neces- 
sary to let students use the breeding pens, a practice unfavorable to 
best results in production or in the hatching and raising of the young. 
The introduction of partitions into some of the pens in the long house 
will make it especially adaptable for student work without interfer- 
ing with its present usefulness. 

Considerable credit must be given Mr. ‘J. O. Linton who assisted in~ 
the short course work, and it is a pleasure to report that his work was 
highly satisfactory. 

The necessity for more extension work and the encouragment of more 
poultry experimentation cannot be over emphasized and _ provisions 
should be made to efficiently handle the increasing numbers in the vari- 
ous courses. It is only by the development of all these activities that 
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the poulfry department can realize its hope that the people of the 
state be brought to an appreciation of the importance and possibilities 
of poultry on the farm and the necessity for better methods in its care. 
Respectfully submitted, 
H. L. KEMPSTER, 
teas Instructor in Poultry Husbandry. 
East Lansing, June 30, 1911. 


REPORT OF THE DEPARTMENT OF FARM MECHANICS. 


To President J. L. Snyder: 

Dear Sir: In submitting the following report we wish to express 
appreciation of the willingness and zeal shown by the men who have 
assisted in the work of the department for the past year. 

Mr. A. Watt, instructor in blacksmithing, has raised materially the 

standard of work done and has satisfied the numerous demands for 
repair work by other departments with unusual promptness. 
Mr. F. Fogle who was engaged for the short course work in wood 
shop, consented to finish the school year as a regular instructor. His 
practical experience in carpentry and as a teacher has well fitted him 
for this work. We are also indebted to him for additional assistance 
rendered in the laboratory work in Farm and Power Machinery. 

Mr. J. Houghtalling and Mr. W. Sizer assisted in the laboratory and 
shops through the Short Course. 

Within the last year the forge shop has been enlarged for conven- 
ience and nine new forges were added to meet the requirements of the 
large number of men taking work in the short courses. The work in 
Power Machinery has been facilitated by the addition of a new five 
horse-power automatic steam engine, and a larger number of gasoline 
engines which have been placed upon a convenient stand having an 
exhaust chamber to take care of objectionable gases. 

The courses in Power and Farm Machinery have been divided and 
can now be given to much better advantage. A new course in Farm 
Construction has been planned which it is hoped will meet the need 
for instruction along this line and furnish a fund of information for 
those seeking advice in this branch of farm engineering. It is hoped 
that much time can be given to the development of this work and to 
the improvement of the instruction in Farm Machinery which is not 
yet on a satisfactory basis owing to lack of equipment and a well proven 
course of study. 

Respectfully submitted, 
H. H. MUSSELMAN, 
Instructor in Farm Mechanics. 


East Lansing, Mich., June 30, 1911. 
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REPORT OF THE DEPARTMENT OF FARM CROPS. 


President J. L. Snyder: 

I submit herewith the following report of the department of Farm 
Crops, for the year ending June 30, 1911. 

During the fall term, ‘instruction was given to eight students in 
Advanced Grain Judging, Agr. 12c. During the winter term, instruc- 
tion was given to 157 freshmen and 98 sophomores in Cereal Crops, 
Agr. 12a and to 164 Ist Year Short Course men in Crop Production 
and 53 2nd Year Short Course students in Grain Judging, making a 
total of 480 students during the year. Owing to the recent revision 
of the agricultural course and the lack of instructors, no senior elec- 
tive courses were given during the winter and spring terms. During 
the week, January 16 to 21, 1911, a week’s course in Corn Production 
was offered, the morning programs being devoted to various subjects 
relating to corn production by members of the College and Station 
staff and specialists from other states, and the afternoons being de- 
voted to Corn Judging, under the instruction of Mr. J. P. Prigg, of 
Daleville, Ind. 

The department is now provided with commodious quarters which 
are well suited to the needs of the department. The necessary labora- 
tory tables, and cupboards for equipping the laboratories as well as 
some scientific: apparatus were purchased during the year. 

The special need of the department as regards equipment, however, 
is an adequate supply of charts, illustrations, etc., providing a fund 
of agricultural data applicable to Michigan conditions. Work has 
begun on the preparation of this material but much time and study will 
be required to acquire an adequate supply. _ 

Respectfully submitted, 
V. M. SHOESMITH, 
Professor of Farm Crops. 
East Lansing, June 30, 1911. 


REPORT OF THE DEPARTMENT OF ANIMAL HUSBANDRY. 


President J. L. Snyder, East Lansing, Mich.: 

Dear Sir:—The instruction work during the past year has been given 
as outlined in the catalogue. During the year 642 men were enrolled 
in the seven courses and were instructed in ten classes, making an 
average of 64 men in each class. This number can easily be handled 
in the lecture room, but in the judging pavilion where the class should 
do practical judging work, it is nearly impossible to give the class more 
than a demonstration, as 60 men cannot work on one ring of animals, 
which is all that can be handled by one instructor. It is sincerely hoped 
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that the necessity for dividing classes will become apparent, and sufti- 
cient help be provided so that this can be done in the near future. 

‘Last fall term marked the beginning of the new course, and the uni- 
formly high grade of work done by the 178 freshmen enrolled in Ag. 
1 gave unmistakable evidence that the change was a wise one. 

In Ag. 1b, a study of the breeds of sheep and swine, 125 sophomores 
were enrolled, and, considering the fact that many members of the 
class had already elected to take the forestry and horticultural courses. 
very satisfactory work was done. 

Nineteen seniors elected the animal husbandry work and received 
practical judging work during the fall term. 

The winter term’s work was devoted largely to the teaching of short 
course men, 163 first year men receiving instruction in the breeds of 
live stock and 54 second year men in practical judging work. 

Aside from the short course men 63 sub-freshmen received instruc- 
tion on the types of farm animals. 

Twenty seniors elected meat production and with the assistance of 
Mr. A. R. Potts were given as complete a course as the equipment at 
hand would allow. The abattoir is very small, and has no facilities 
for the handling of meats and keeping them any length of time. Until 
a suitable meat cutting room is arranged for and refrigeration pro- 
vided for holding meat longer, it will not be possible for the students 
to get all that they should out of this course. 

Very little change has been made in the herds and flocks the past 
year. It is hoped that the purchase of breeding females will no longer 
be necessary, new blood being added, by the purchase of high class sires 
from time to time. The beef herd has been added to by.the purchase 
of a Shorthorn bull and the swine herd has been added to by the pur- 
chase of a Tamworth and a Duroc Jersey boar. 

' Existing conditions over which we have no control have prevented 
the carrying out of any experimental work during the past year, but 
we hope to be able to undertake some work in the near future. 
Respectfully submitted, 
GEO. A. BROWN, 
2 Instructor in Animal Husbandry. 
Wast Lansing, August 30, 1911. 


REPORT OF THE DEPARTMENT OF FORESTRY. 


To the President: 
I herewith present my report as Professor of Forestry for the year 
ending June 30, 1911. 


COURSE OF STUDY. 


The course as set forth in the college catalogue for 1909-10 was fol- 
lowed with the exception of the summer term of the senior year. 
The enrollment and comparison with other years, is as follows: 
Cf 
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Year. 
Term. 1908-09. 1909-10. 1910-11. 
RS PMMA OT eet fre fetes eaten cee. 19 24. 24 
1 EV hast A Ae, ees Me ie 66 97 115 
WVANGEL > topos dee tcle TE ene 89 89 iby 
SSID TSUN gsr 22 ce sles teepsist 131 172 345 
MoGtay lk ee cen iey eRe 302 382 595 


Lectures were also given for four weeks to the Short Course students. 


1911 SUMMER TERM. 


The third session of the summer term, June 21st to August 10th is 
now being held on the estate of David Ward, Deward, Crawford county, 
Michigan. The field conditions are ideal. Camp is located adjacent 
to practical logging operations on a tract of virgin forest of 80,000 
acres. Here it is possible to carry out the practical work which is so 
essential in the education of the forester. 

The four courses as set forth in the 1910-11 college catalogue are 
being offered. Twenty-four students are in attendance. 

It is recommended that next year’s summer term be held for a period 
of eight weeks instead of seven as this year. 

The department is keenly appreciative of the courtesy and kindness 
of Mr. W. C. Ward of Orchard Lake, Michigan, in permitting the use of 
the holdings of the estate as a field laboratory for forestry work. 

The yearly field work in lumbering was not carried out as planned 
because of smallpox prevalent in the lumber camps during December. 


« 


FOREST EXTENSION WORK. 


Owing to the lack of the services of a field man, properly qualified, 
in the department, no examinations of wood lots have been made. The 
teaching work has taken the entire time of the regular instructors. The 
inquiries from woodlot owners and others interested along forestry 
lines, have been more numerous than ever before. These inquiries have 
received the attention of the department. 

A circular letter was issued during the early spring, offering the fol- 
lowing tree stock at the prices quoted: 

White pine seedlings, 2 years, 4 to 6 inches high, $2 per M. 

White pine seedlings, 3 years, 6 to 9 inches high, $38 per M. 

Norway pine transplants, 10 to 15 inches high, $10 per M. 

Norway spruce transplants, 10 to 15 inches high, $10 per M. 

White cedar transplants, 6 to 9 inches high, $10 per M. 

Black locust seedlings, 1 to 2 feet high, $8 per M. 

Black Walnut seedlings, 1 to 2 feet high, $5.per M. 

Orders were received and shipments made as follows: 
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Orders received and shipments made. 


Name. 


Henry B. Baker 


Diet eBaAkCh se See 


AG. Nid 3420 fey ee he earn ie eer 


Luther Baker... 


Dr. W. J. Beal 


Bickell, Harry 


Bickel SILOS. ce esa e oso: 


Bowen, Harvey 


Cadwallader, E. M 


Chittenden, A. W 


Clark, Wm 


Cobb, M. A 


Coon, W. M 


Daines, Fred W 


Diehm, Peter 


Darbee, A. L 


Foster, S. A 


Address. *g# £5 35 


| R. No. 12, Box 69, 
Holland, Michigan... . 


State) College: Packs sex 25-4 23 oe 


St. Croix Falls, Wis 


East Lansing, Mich 


ATM ET SHAM ASS noe esta terion & 


Stock. 


250 White Pine, 2yrs. 
166 White Pine, 3 yrs. 
140 Norway Spruce. 
100 White Cedar. 

200 Black Walnut. 
200 Black Locust. 


500 Norway Pine. 
500. Mor Wee Spruce. 
1,000 White Pine, 2 yrs. 


1,350 White Pine, 3 yrs. 


60 Red Cedar. 


25 Red Pines (small). 
10 White Pine. 
5 Yellow Pine (extra). 


Manistee, Mich 


R. F. D. No. 3, Box 44, 
Vassar, Mich 


Grand Rapids, Mich 
Mi Pleasant) Mich. 22. 252-2 
Roscommon, Mich.......... 
Farmington, Mich........ 

Remus, Mich 


East Jordan, Mich 


Okemos, Mich 


100 White Pine, 3 yrs. 
25 Black Walnut. 

30 Norway Spruce. 
30 White Cedar. 


———— eS 


1,000 Norway Spruce. 
500 White Cedar. 


1,000 White Pine, 2 yrs. 


500 Black Walnut. 


100 Black Walnut. 


1,000 Black Locust. 


1,000 Black Walnut. 


2,500 Norway Spruce. 


eee 


4,000 Black Locust. 
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Orders received and shipments made.—Continued. 


Name. Address. Stock. 


Mrasicrs J ROMA: Ah ome ae e ee| Marlette, Miche sei ane scm ase: 200 Black Walnut. 
300 Black Locust. 
100 Norway Spruce. 
= 100 White Pine, 3 yrs. 


Caneert-Wamesrbre sre. etree | PAM a MICHA annie, Soe enteruee 200 Black Walnut. 

Goehrend) Aj Cas aetrelecee t es Reed City, Miche ss sseee Sse 1,000 White Pine, 3 yrs. 3 
GOOlLdMI CHO Me eyo e raster te Battle Creek @Micht yc 2.e cee 4,000 Black Locust. 

pie TBR Cease ® aa Trae roe! Madison, WiS!...:-=-... te 181,200 White Pine, 3 yrs. 


5,000 Norway Spruce. 
5,000 West. Yel. Pine. 
1,000 Norway Pine. 


Een es GCOMMESIEE certs Pio h gol | UACKSOMs MICH... «07 5 ty -geesin ene 1,000 Black Locust. 


lsum, sly We Beran Sneosee DEtTOits MiChinertse agate tae 40 White Cedar. 
30 Norway Pine. 
30 Norway Spruce. 


lnlaON, It, diss Sonos oy Badan a a howell sNIic heriee byes pee ae 3,000 White Pine, 3 yrs. 
lstebie Wo Os son papeebdee ge East Lansing: Mich. << s.05 2 o 100 Norway Spruce. 
Vet \Wey Diotd. ne olamictaee sa eee ElainwellMicheesere ate eee 500 Black Locust. 


100 White Cedar. 
100 Norway Spruce. 


EMI PODS oe cae os, ae eee Grand eRapids, Miche.) cee. 1,000 White Pine, 2 yrs. 


Eofiman. WMErss Max.) sles. nob. JOSeDOs MICH. y)cms.t-n vac 2 500 Norway Pine. 
is 500 Norway Spruce. 


IGOVEEW DOSED «ne eee as cies Tonia, *Michs.< 2% .-<... ce A ee eee 200 White Cedar. 


Horton, Geo. B...,...........| Fruit Ridge, Mich..........-.: 3,000 Black Walnut. 
2,000 Black Walnut. 


VUdSOM Cw. ite. pes sre. «| enawee Junction, Mich... 1. on 1 Tulip. 

1 Chestnut. 
100 Black Walnut. 
100 Black Locust. 


é 


Wochy, Catherine. . 5 .catys ssc es Kalamazoo; Michio... «...s..ss 100 White Pine. 
50 Black Locust. 
50 Black Walnut. 
- 10 Norway Pine. 
10 Yellow Pine. ° 
25 Norway Spruce. 
5 White Cedar. 
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Orders received and shipments made.—Continued. 


Name. 


Krentel, Andrew 


Wren velenG ese sere pte ct wine eno 


LED FETS aa le eee a eae aes 


iL mata tsrek 1 hole Dan Os aecae ene eho ce 


Mahrle, E.. 


Martin, John B 


io. dic elelsis letclie m lehe! ese 


Matheson, H. C 


Miller, John T 


Moll, Martin 


Ohio Agricultural Exp. Station.. 


Piper, Wm. B., : 
Forest Supervisor 


Reynolds, W. W 


Ross, C. R 


Ruchs, E. W 


Scovell, G. B 


Skeels, Dorr, 
Forest Supervisor 


Spross, Eli 


Address. 


East Lansing; Mich......... 


Lansing, Mich 


East Lansing, Mich 


Norvell, Mich 


Grand Rapids; Michi =". .2>-. «- 


South Frankfort, Mich.......... 


Birmingham, Mich 


Box 80, Fremont, Mich........ 


Wooster, Ohio 


Au Sable, Mich 


Cassopolis, Mich 


South Lyon, Mich 


East Lansing, Mich 


Libby, Montana 


Okemos Michss. sc oe eee ae 


Stock. 


ees 


1 Ornamental Spruce. 


2,000 Norway Spruce. 


3 Norway Spruce, 4: ft. 


390 White Pine, 3 yrs. 
50 Norway Pine. 
50 Norway Spruce. 
50 White Cedar. 


1,000 Norway Pine. 
1,000 Norway Spruce. 
1,000 White Cedar. 
1,000 Black Locust. 
1,000 Black Walnut. 


600 Norway Spruce. 


1,000 White Pine, 2 yrs. 


200 Black Walnut. 


25,000 White Pine, 2 yrs. 


3,000 White Pine. 
5,000 White Pine, 2 yrs. 
1,000 Norway Pine. 

5,000 White Pine, 3 yrs. 


2,000 Black Locust. 


1,000 Black Locust. 


50 Black Locust. 
50 White Pine, 3 yrs. 
50 Black Walnut. 


50 Norway Spruce. 


5,000 White Pine, 3 yrs. 


1,000 Black Locust. 
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Orders received and shipments made.—Concluded. 


Name. 


SB INTET GOO ay A elt eerana oe en lorets t= 


Van Deman, John 


Vasold, Hugo.......- 


Vining, C. W 


Wadsworth, Mrs. J.. 


Ward, Willis C 


Wheeler, Homer 


Wheeler, W. J 


Wiegand, Frank J...... 


Wieland, Charles..... 


Address. 


Armada, Mich 


Benzonia, Mich....... 


Freeland, Mich 


Lakeview, Mich. . 


Orchard Lake, Mich.. . 


Mt. Pleasant, Mich 


Detroit, Michigan.... 


Saranac. Mich)... ne: 22-00 ein 


Mi. Pleasant, Mich...) 9... 


R. No. 3, Lansing, Mich. ...... 


Wing; C.'G. 


Wisner, Augusta B-... 


Ludington, Mich... 


Stock. 


1,000 White Pine, 3 yrs. 
! 1,000 Black Locust. 
1,000 Black Walnut. 


- 


100 Norway Spruce. 


200 White Cedar. 


200 White Pine, 3 yrs. 
500 Black Locust. 


300 White Pine, 3 yrs. 
100 Norway Pine. 

100 Norway Spruce. 
100 White Cedar. 

100 Black Locust. 


5,000 White Pine. 3 yrs. 
100 Black Wasnut. 
100 Butternut. 
100 West. Yellow Pine. 
100 European Larch. 
100 Norway Pine. 
100 White Cedar. 
100 White Ash. 
100 Red Cedar. 


400 Black Locust. 


1,000 Black Locust. 
250 White Pine. 
250 Black Walnut. 


1,200 Black Locust. 
500 White Pine, 3 yrs. 
2,000 Norway Spruce. 


100 Black Walnut. 


1,000 Norway Spruce. 
1,000 White Pine, 2 yrs. 
1,000 Black Locust. 


F100 White Pine. 
~} 500 Norway Spruce. 
? 100,Carolina Poplar. 
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Following trees were donated to Horticultural Department: 
300 White pine, 3 years, 8 Basswood. 
25 Red cedar, 35 Jack pine. 
10 Jack pine, 22 Norway spruce. 
6 Norway spruce, 200 Norway spruce. 
2 Elm, 75 Red cedar. 
Farm Department: 
650 Norway spruce. 


There is now on hand in the forest nursery, in nursery row and seed 
beds, 252.633 conifers and 40,630 broad-leaved forest trees of an especially 
large assortment of species at various stages of growth. This stock is in 
fine shape, of vigorous growth, the species being of such wide range that 
demands from any section of the state can be met with trees adapted 
to the soil conditions and the locality. 

During the past year, 1,509 letters were sent out from this department. 

Respectfully submitted, 
_ J. FRED BAKER, 
Professor of Forestry. 
East Lansing, June 30, 1911. 


REPORT OF DEPARTMENT OF AGRICULTURAL EDUCATION. 


President J. L. Snyder: 

Dear Sir:—I herewith submit a brief report of my labors during the 
year ending July 1st, 1911: 

1. Teaching.—I have taught two classes in Pedagogics during the 
year covering seven and eight hours per week. One class consisted 
of juniors and seniors from the Home Economics course and the other 
of seniors from the Agricultural course. To the men I have presented 
special work in Agricultural Pedagogy preparatory to their teaching 
agriculture in public schools. 

Nine men go out this year prepared from an academic standpoint, 
also having pedagogical training. Five new high schools will estab- 
lish full courses in agriculture, beginning next September, located at 
South Haven, St. Johns, Traverse City, Mason and Adrian. In addition 
to these, some work in agriculture will be presented by under-graduates 
in the schools at Flushing, Addison and Farwell. Besides these schools 
taught by men from the college, some work in agriculture will be given 
by the science teachers in about one dozen other high schools. The total 
number of high schools giving regular courses in agriculture next 
year will be fourteen. The board of education at Hudson has discon- 
tinued the course in Agriculture. The work done in the ten high 
schools during the past year has been eminently practical and has con- 
vinced the people that the subject has a real place in the high school 
curriculum. At Watervliet ten farmers entered the class in live stock 
and dairying the first of December, and continued in daily attendance 
until the first of March. One of these farmers said to the superintend- 
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ent, “The value of this work in the high school is not fully appreciated. 
Just think of it, my son who will graduate next year will have a 
broader and better knowledge of the science of agriculture, than I have 
after thirty-five years of actual experience.” This it seems to me is 
a fine testimonial. 

The subjects taught in the high schools include agricultural botany, 
farm crops, horticulture, live stock and dairying. soil physics, breed- 
ing and feeding of live stock, farm management and farm mechanics. 

2. Visitations—During the year I have visited the ten high schools 
presenting agricultural subjects several times and have inspected care- 
fully the conditions, laboratory facilities, practical work outside the school 
room and have kept in close touch with the work being done. In addi- 
tien to this I have visited twenty-five high schools in regard to the 
establishment of courses in agriculture and several of these will intro- 
duce the course in 1912. I have also visited twenty schools with refer- 
ence to their being placed upon our accredited list. 

3. Extension Lectures—During the winter months we conducted, 
in connection with each of, the high schools, a series of schools or lec- 
tures for the farmers of the surrounding community. These schools 
were usually held on Saturday afternoon and were well attended. The 
instructor in agriculture had charge of the work and led at least half 
of the meetings and discussions; for the other half we provided mem- 
hers of the faculty of the college. In each case we consulted the farm- 
ers as to the line of work they desired to have presented. The sub- 
jects discussed included live stock improvement, soil fertility, grape 
“culture, sheep husbandry, poultry, feeding, dairying, fertilizers, farm 
crops, and entomology. 

4. Institutes—I have given considerable time to farmers and teach- 
ers institutes. At the teachers institutes I have presented the means 
and methods of teaching elementary agriculture in the grades and in 
the rural schools. T also prepared and published a pamphlet for teach- 
ers on the subject of Rural Sociology and Elementary Agriculture. 
The institute I believe to be of great value and it is my opinion that the 
college should give more attention to the teachers in the public schools 
than has been done in the past. It offers a wide field for interesting 
the people in the college and in high schools. I have also assisted in 
the organization of the Association for Agricultural Education. The 
purpose of this organization is to promote “the interest of agricultural 
education particularly in the secondary schools. Prof. K. L. Hatch of 
Wisconsin University is President and I have the honor at present to 
be Secretary of the organization. The first meeting was held in Chicago, 
April 10, 1911, and the next meeting will be held at the time of the 
National Association of Agricultural Colleges. During the year I have 
assisted in an investigation of rural, agricultural, and industrial educa- 
tion, in connection with the State Commission for that purpose. The 
report of this commission was submitted to the governor and to the 
last legislature in January, 1911. 

F. Teachers.—The registration and location of teachers occupies a 
large amount of time and correspondence during the spring term. I 
have succeeded in locating ten men as teachers and up to the present 
time have located ten women, most of whom teach domestic science or 
art in the public schools of this state. T find that our women students 
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come into competition with graduates of normal schools and special 
schools in elementary courses in Domestic Science and Art, and it has 
required considerable time and energy to get a foot hold and get our 
graduates recognized by the superintendents of schools where such 
courses are presented. I feel sure that our young women will give a 
good account of themselves and if so this will assist us materially in 
the future and at the same time advertise our institution. I believe this 
to be an important field of work and that more time and attention should 
be given to it then we have been able to give up to the present time. 

6. Extension Reading Course——During the summer of 1910 we re 
vised the circulars giving information in regard to our extension or 
correspondence reading course and sent out the circulars to all the 
granges and farmers’ clubs of the state, as well as to a large number 
of individuals who had learned of its existence. The results have not 
been altogether satisfactory. During the fail of 1910 [ gave fifty or more 
lectures to granges and other organizations, explaining the plan and 
urging the organization of reading clubs. As a result. we have had clubs 
formed in twenty-five granges, five farmers clubs and two ‘societies of 
Gleaners. We have had about 200 readers during the year and written 
reports are now being received from many of them. ‘This is the third 
year of the course and we have kept about the same number of readers 
each year. The number has not increased as we had hoped it would. 
| am satisfied that if this work is to become of greater value, that more 
time and traveling must be given to it. I am not prepared to express 
an opinion as to the value of this work, or as to the advisability of con- 
tinuing it indefinitely. I am hoping that by the end of another year 
we shall have arrived at more definite conclusions. 

7. Employment Agency._-At the opening of the college year in the 
fall of 1910, a committee was appointed consisting of Prof. Kedzie and 
inyself, which was to consider the advisability of establishing an em- 
ployment agency through which we might assist students in securing 
work, and thus keep them in college. The committee arranged a plan 
of procedure and had suitable forms and report blanks prepared and 
employed Mr. R. E. Loree to take charge of the work. Mr. Loree had 
his headquarters in my office where he could be reached every evening 
from 6:50 to 8 o’clock. 

Starting so late as we did, the plan was not well advertised or under- 
stood by the student body, and yet we believe the results have been 
good. : 

The following is a summary of the several reports made by Mr. Loree 
during the year: 


a. Number of students enrolled during the year .......... 193 
ipo EMI Der OL SLUGENTS <CMPlOVEO ooh nn. oso e5s sso eve os Wee os 100 
c. Number of students securing regular employment........ 8 
a fotal- number of Nours work 2... 2... .. SS Nae Meant ake eee 1,202 


These students were employed for the most part off the grounds, 
though several of them had comparatively regular work on the grounds. 
The work done was of various kinds including pruning, piling brush, 
planting potatoes, spading, house cleaning, horticulture, typewriting, 
waiting table, fence building, gardening, picking fruit, raking leaves, 
dairy work, ete. 
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The figures given do not include the students regularly employed on 
the grounds or in the city. The farmers called for help, often more than 
we could find. 

The students were paid from 15 to 20 cents an hour for their labor 
and so far as we are able to learn, the work was satisfactorily done 
and proved of great assistance to the students. I feel that this is a 
valuable movement and that if possible Mr. Loree should be employed 
to take charge of it for another year. He understands the work now 
and has an acquaintance which will enable him to handle it more effec- 
tively and with better satisfaction to all concerned. 

Respectfully submitted, 
WALTER H. FRENCH, 
Professor of Agricultural Education. 
Ikast Lansing, June 30, 1911. 


REPORT OF DEAN OF ENGINEERING. 


Dr. J. L. Snyder, President, Michigan Agricultural College: 

Dear Sir:—I present herewith my fourth annual report as Dean of 
Engineering. 

The personnel of the several departments is given in the respective 
reports. There are thirty-one (31) teachers of all grades in the de 
partments of the Division of Engineering. Inter-department relations 
have been pleasant and helpful. The organization designated as the 
Faculty of the Division of Engineering does not ‘fill a long felt want” 
owing to lack of authority or power in the administrative machinery 
of the college. The general faculty or the Board of Agriculture should 
assign to the division faculties definite authority in the administration 
of the included departments in order that these faculties may serve the 
purpose designated of giving to assistant professors and instructors 
a measure of interest and responsibility in the affairs of the departments 
and of the college. 

The student enrollment in engineering was 481, a smaller number 
than last year, the shrinkage being in the sub-freshman year. There 
was a gain in enrollment in the four years above the sub-freshman. 

The course of study has been revised, as in the other divisions, in 
accord with the instructions of the general faculty to reduce the credits 
to twenty (20) per week, the object being to give opportunity for bet- 
ter work by concentration in fewer subjects. The new course has been 
published in the catalog. Solid geometry has been made an entrance 
requirement for all courses and the sub-freshman course has been revised 
accordingly. The practice of giving professional technical work to sub- 
freshmen engineers has been discontinued. 

The matter of salaries, which has been presented in previous reports 
is still a live and serious question. The writer is gratified over the 
merited advance granted to Professor Vedder and to “Professor Polson 
and the small advances for other men and positions. The salary scale, 
however, is far below that recommended in my first annual report, which, 
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it seems to me should be attained before the salary schedule can be 
said to be on a Satisfactory basis. It is particularly important, what- 
ever may be the salaries offered, that appointees may be informed of 
the rate of advancement which will follow satisfactory service. A 
scale of salary increases would also reduce materially the duties of the 
President in connection with the annual task of appointments to the 
teaching staff. 

I do hereby again recommend that the scale of salaries suggested in 
my first annual report be adopted as soon as practicable. 

With the increased enrollment in professional engineering subjects 
it is important that teachers be specialists rather than interchange- 
able units in the administrative system. 

This requirement will be impossible of attainment or satisfactory ap- 
proximation at salaries now offered. 

It is equally important that high grade teaching service be furnished 
in the general fundamental subjects, mathematics, English, ete., and 
this requirement is an additional reason for advanced salaries. 

The increase in salary budget which would be entailed by adoption 
of the schedule suggested would be considerable but the maintenance of 
high teaching and administrative efficiency imperatively demand and 
justify the increase. 

In conclusion I express my appreciation of the co-operation of au- 
thorities, colleagues and other co-workers in making the past year pleas- 
ant and profitable. 

Respectfully submitted, 
G. W. BISSELL, 
Dean of Engineering. 
East Lansing, June 30, 1911. 


REPORT OF THE DEPARTMENT OF MECHANICAL ENGINEER- 
ING. 


Dr. J. L. Snyder, President, Michigan Agricultural College: 

Dear Sir:—I present herewith my report as-Professor of Mechanical 
Engineering for the fiscal year ending June 30, 1911. 

The opening of the college year witnessed several changes in the 
personnel of the department. 

Assistant Professor, L. L. Appleyard, and Messrs. Hartman, Wilcox 
and Brackett had resigned to accept commercial positions. Mr. E. J. 
Kunze was appointed assistant professor in charge of machine design 
and shop work to succeed Mr. Appleyard, Mr. J. L. Morse was appointed 
instructor in machine design, Mr. E. A. Evans, foreman of the machine 
shop, and Mr. J. A. Neal, instructor in machine shop, these men suc- 
ceeding Messrs. Hartman, Wilcox and Brackett, respectively. 

The resignation of Prof. J. A. Polson was averted by a merited sub- 
stantial advance in salary. 

The new men have proven themselves to be exceptionally well quali- 
fied for their duties and I am pleased to note that present indications are 
that there will be no resignations from the staff. 
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The complete salaried personnel of the teaching force of the depart- 
ment is as follows: 

G. W. Bissell, Professor of Mechanical Tyee 

J. A. Polson, Assistant Professor in charge of Engineering Labora- 
tory. 

E. J. Kunze, Assistant Professor in charge of Machine Design and 
_ Shop Work. 

J. L.. Morse, Instructor in Machine Design. 

E. A. Evans, Foreman-instructor in Machine Shop. 

A. P. Krentel, Foreman-instructor in Pattern Shop. 

E. C. Baker, Instructor in Foundry. 

W. R. Holmes, Instructor in Forge Shop. 

A. Smith, Instructor in Pattern Shop. 

J. A. Neal, Instructor in Machine Shop. 

In addition to the above, Mr. G. W. Hobbs, ’10, has been employed as 
laboratory assistant, and Messrs. Armstrong, Brightup, Coplan, and 
others as student assistants, as crowded sections have made necessary. 
Mr. E. C. Crawford has retained his connection as laboratory engineer 
and Miss C. B. Purcell as clerk. 

The position held by Mr. Kunze should be advanced in salary and 
title. I recommend the creation of the position of Associate Professor 
in charge of machine design and practice with an initial salary of not 
less than $1,800.00 and a seat in the Faculty. Mr. J. A. Polson should 
be appointed Associate Professor in charge of experimental engineering 
and should have a seat in the Faculty. 

There should be an additional salaried instructor whose duties should 
be chiefly in the engineering laboratory. ; 

I am greatly pleased with the work of the department staff and the 
spirit of cooperation and loyalty shown. 

The notable additions to the department equipment during the year 
have been a Kempsmith No. 2 universal milling machine and a Sulli- 
van Machinery Co. two-stage steam air-compressor. 

The machinery in the machine shop has been rearranged for greater 
convenience and efficiency. 

The following graduating theses’ were done in the department during 
the year. The list does not include those done under the supervision 
of the other engineering departments: 


Be “ re | Effect of Jacket Water Temperature upon Economy and Power Out- 
Sauve, EC. | put of a Gasoline Engine. 

aus aoe pipes \ An Efficiency Comparison of a Scavenging Gasoline Motor. 
Cleveland, O. H. Comparative Tests on the Nordberg Corliss Engine. j 
Pe ey. } Heat Distribution on Elyria Gas Engine. 

Kol Ee -C. I Economy Test of Corliss Engine at High Pressure. 

Boe on : \ Ventilation of Gladmer Theater. 

Hookway, W. Design of a Punching and Shearing Machine. 


Jones, C. C. Experimental Study of the Strength of Cast Iron Beams Involving 
Tillotson, F. H. a New Theory. 


Lossing, H. A. 
Warmington, G. 
Osborn, G. H. 
Wallace, E. E 
Perham, 8S. H. 
Sanford, G. A. 
Russell, R.S. 
Smith, G. H. 

- Wandel, E. P 
Schubach, E. G. 
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grr oer Tests on a Four-Stroke Cycle, Two Cylinder Tandem 
Gas Engine. 


\ 
f 
\ 


J 
| Design of an Unloading and Distributing Covering System for the 


Heating and Ventilation of the First Baptist Church, Lansing, Mich. 


Test on Fan, Engine and Stokers. 


J Coal Storage at M. A. C. 
\ Study of Calibration of Three Venturi Tubes. 


Below is given the schedule of class work for the year. 


Respectfully submitted, 
G. W. BISSELL, 
Professor of Mechanical Engineering. 


East Lansing, June 30, 1911. 


Class-work of Department of Mechanical Engineering, Fall Term, 1910. 


4-year freshmen 


5-year freshmen 


Sophomores 
Sophomores 
Juniors } 


TABLE I. 
Hours 
_ his ak ee | = ae of Sa 
Subject. Se a eacher. | week students ours per 
Sate enrolled. week. 

| | student. | 

| | 

| | { Mr. Krentel | 
Wood-shop ce See 2m. . ‘14 Me. Genii. 4 2 168 
Wood-shop............. fae Ss germ ee s| 1) 1.056 
Wood-shop............. insole cee Se 4 43 172 
HOrme-shon’s 263. 355.0 258 7c eee Mr. Holmes.....-.- 8 61 | 488 
Roandry.. 32222 222.532 Z : ae } oMrBaker-22--- 3: 8 64 | _ 512 

a ty eae | Mr. Evans... .-.-- | x | 
Machine-shop......... { - eee a atrmaeal }. 8 75 = 
| Machine design.......... Ma Giles 2 .2re | Bat pa ee 6 | 41 246 
| Polson . = 
| Metallurgy............. Vp foe 3 eee 2 | 7 154 
Steam engine design.....; 8b...... Prof. Kunze. ...... 6 22 132 
| Engineering laboratory...| 13... .. { ag rings Saig } 8 57 | 456 
Heating and Ventilation..| | ge es | "Prof. Bissell... ...- 3 49 _ 147 

] | 

| | 

| | | 
663 1,431 
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Class-work of Department of Mechanical Engineering, Winter Term, 


1Sae 


Class. 


Sub-freshmen....:....... 
4-year freshmen.......... 


5-year freshmen.......... 


4-year and 5-year freshmen 
Sophomores 
Sophomores..........-.- 


Sophomoreseeseee ssa ser 


Juniors 
Seniors 


UUMIOLS see te heats 


Senlorsizsehnoses coset 


StU pdacaooasoSnA eee 
SEMIOFS! sereinaehectoeceiee 


DEMIOIS Nev ee hceae atone 


TABLE II. 
Hours 
: No. of Eee 
Subject. Teacher. week 
course. each 
student. 
Wood-shop............- Dil eeeny Me Beetle: ae 4 
Wood-shop. .........-.- Dieter ae tae see 8 
Wood-shop...........-- Diqhnesee = een ee 4 
Elements of Engineering... 1 | Prot Bissell. see 2 
Horge hopeeetee- seas DO. atic Mr. Holmes........ 8 
PIER RTL S, 2 oa UP ray ae 2 Pars) er Baker\qaye-cctee 8 
Prof. Kunze..... 
Empirical design..,..... Olas 5 ee. Mr. Morse....... 6 
: Student assts.... 

Machine-shop.-..0+.., (tae re 8 
Steam & Gas Engineering) 7 a...... (Mr Morse Ge 5 
Machine design.......... Bidets: r. Morse: 2 seen 6 
Engineering laboratory...) 13 a..... Eek eleon pin 4 
Engineering laboratory...; 13 d..... A ae ae 8 
Works. Management....) 5a...... Prof. Kunze....... 3 

Machine, Tool & Jig de- 
Bile cos Seo Gee mc Doe 5e Giese Prot KUnZe ne ee 8 
Power station design..... AS! beeen: Prof: Bissells. cence 5 


No. of 
students 
enrolled. 


905 


Student 
hours per 
week. 


5,125 
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Class-work of Department of Mechanical Engineering, Spring Term, 


1911. 


Class. 


Sub-freshmen............ 
4-year freshmen.......... 


5-year freshmen.......... 


Sophomores.............. 
Sophomores. «66.0000. 0% 


Sophmores./............. 


DEMIOTS tee tee eres oes 
NPG hited aerobic Dae ee 


SENIGISs er eck «koa < 


TABLE III. 
| Hours 
No. of j ‘per No. of Student 
Subject. eos Teacher. ue pau hours pee 
2 eac enrolled. week. 
student. 
Mr. Krentel.. 
Wood-shop........+.... aa Me Ste! } 4 29 116 
Wiood-shopot stages Bi Cite ce ce: sete Sie 6 102 612 
Wiood-shopie jets scei 2k 27. i penile: Se 4 30 120 
Norge-shop sterol -ehrsten is PICS ae oe Mr. Holmes........ 8 44 352 
HOUNOr ye: = oasis oe ee Dig 2. Pe Tr. Baker s.cctss: 8 55 440 
Prof. Kunze..... } 
Kinematics............. (Wns see Mr. Morse.....-- b 4 102 408 
Student assts.... J 
Machine-shop........... UME re re ie cate 8 70 560 
Prof. Bissell... . . 
Thermodynamics........ iy Ee ees Prof. Polson..... 3 62 186 
ee a eine 
wei Le rof. Polson..... 
Engineering laboratory...| 13 b Mr. obb Re Bd } 4 56 224 
: . rof. Kunze..... 
eOnemiafies Riana te Weateas Win Monee. H 2 66 132 
Steam engine........... Sta wehe Mr. Morse......... 4 33 132 
Gas power engineering...| 8c...... Prot. KunZes eric. 33 30 90 
Machine tool design..... . Gas: Prof. Kunze....... 6 9 54 
Costs, accounting, ete....| 18¢..... Profs Bissell eee: 2 53 106 
History of engineering...) 18d..... Prof. Bissell....... 2 48 96 
Prof. Bissell... .. | 
HN AGH operon A eee nie (Diasec: Prof. Polson..... 20 20 400 
Prof. Kunze..... J 
TRG REL}, aa et eS Ae el Geen SEIS A A CRM IONE | Read: RENE SB gn ea 809 4,028 
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REPORT OF THE DEPARTMENT OF CIVIL ENGINEERING. 


President J. L. Snyder: 

Dear Sir:—It is a pleasure to hand you the record of a year so gen- 
erally filled with efficiency and satisfaction. Many elements have con- 
spired to these gratifying conditions, chief among which are harmony 
and hard work on the part of the departmental staff, aided by a recep- 
tive, purposeful attitude of the students we have met in the field-work, 
classes and laboratories. I wish to heartily and emphatically commend 
the work of all the teachers of civil engineering, who, without excep- 
tion, have labored industriously to make this a successful year. 

At the beginning of the fall term the departmental staff consisted of 
the following teachers, whose names are given in order of seniority of 
appointment: 

H. K. Vedder, C. E., Professor of Civil Engineering. 

W. B. Wendt, B. C. E., Assistant Professor of Civil Engineering. 

A. S. Rosing, B. S. in C. E., Assistant Professor of Civil Engineering. 

J. T. Buser, B. S. in C. E., Instructor in Civil Engineering. 

H. E. Marsh, B. S., Instructor in Civil Engineering. 

A. M. Ockerblad, B. S. in C. E., Instructor in Civil Engineering. 

As for several years past our spring term teaching schedule imposed 
requirements bevond the physical capacity of the regular staff. Accord- 
ingly, two additional instructors were engaged to assist during the 
months of April, May and June. These appointees were Mr. B. K. 
Philp, C. E., and Mr. James E. Shaw, B. S. 

Of the regular teaching staff named above Prof. Rosing and Mr. Buser 
have resigned and will take up work elsewhere. Satisfactory candi- 
dates to supply these vacancies are being sought for and the Board has 
authorized the engagement of an additional instructor. It is very diffi- 
cult to secure competent teachers at the salaries offered and more diffi- 
cult to retain them long. 

Of the one hundred twenty-eight young men and women who were 
graduated from the college a few weeks ago, and who received the 
bachelor’s degree, thirty-one were those who had specialized in civil 
engineering. The class as a whole was the largest in the history of the 
institution. I may be pardoned for noting that the civil engineers com- 
prise a larger group of the class than can be claimed by any other de- 
partment of the institution if there is recognized a differentiation or 
specialization in agriculture and horticulture. 

The election of civil engineering studies by our engineer students has 
been large for some years and is increasing until it seems to me to con- 
stitute an abnormal condition which will no doubt in time adjust itself. 
However, the expressed intuitions of those who have just become juniors 
indicate no immediate change and our facilities of all kinds for the pur- 
poses of instruction will be taxed to the utmost throughout the coming 
year. 
I contemplate with some misgivings the possibilities of injury and 
deterioration which must come to our instrumental equipment, if it 
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can not be more regularly inspected and carefully kept than in the 
past. We have a remarkably complete outfit of instruments of the best 
class for field work, about as numerous as can conveniently be stored 
and handled in the space available for the purpose. The maximum 
economy of service with this equipment requires its use by different 
groups of students in the same week, often on the same days of the 
week, and under the supervision of different instructors. The require- 
ments of our teaching schedule often make it impossible for the instruc- 
tor.to examine instruments that have been returned by his class after 
use in the field, until the same tools have been used by others. Naturally 
there results a divided responsibility which is not conducive to the in- 
tegrity of the instruments. The remedy for such a situation lies in the 
appointment of an assistant whose most important duty shall be the 
constant care and inspection of all surveying instruments, field tools 
and some of our laboratory equipment. Cleaning and repairs could 
be placed in his charge. Breakage and injury could be determined at 
the proper time and assessments could be levied accordingly upon the 
proper persons. 

As for many years past, I present herewith a tabulation showing the 
work of teaching carried out by this department during the year; it 
will answer questions of assignments, enrollment, classrooms occupied, 
size of sections and the like. 


Class work of the department of Civil Engineering for the college year 1910-1911. 


No. | No. of 
Class. Subject. Nooo Teacher. Classroom. es es ahudente 
week. | class. 
Fall term. 

Juniors..... Mech. of Eng........... @:B4a.)| Prof. Rosing)........-..- 203 Eng. Bldg.... 8-9 5 17 
Juniors. . Mechsof bing. .)..5- ss. CAH N4as| is Mirs Buseres asccacecncas 302 Eng. Bldg..... 8-9 5 21 
Juniors..... Mechtofbngts).Sssnene Cane 4a5) (Mire Marshiacc. te circ: cone 203 Eng. Bldg.... 1-2 5 14 
Juniors....-| Mech. of Eng........... C.E. 4a.| Mr. Ockerblad.......... 302 Eng. Bldg... . 1-2 5 14 
Juniors.... . Adv. Surveying (class)...| C.E.6..| Mr. Buser.............. 203 Eng. Bldg.... 9-10 3 20 
Juniors..... Adv. Surveying (field) ...| C.E. 6..! Mr. Buser, Mr. Marsh....| 203 Eng. Bldg.... 1-3 4 20 
Juniors ..... Adv. Surveying (class)...| C.E.6..] Mr. Buser.............. 302 Eng. Bldg.... 3-4 3 15 
Juniors.....| Adv. Surveying (field)....} C.E.6..| Mr. Buser, Mr. Ockerblad.| 306 Eng. Bldg....| 10-12 4 15 
Juniors.....| Adv. Surveying (class)...) C.H.6..) Mr. Marsh.............. 203 Eng. Bldg.... 3-4 3 18 
Juniors.....| Ady. Surveying (class)...| C.E.6..| Mr. Ockerblad.......... 302 Eng. Bldg.... 9-10 3 22 
Juniors..... Adv. Surveying (field)....] C.E.6..| Mr. Ockerblad.......... 306 Eng. Bldg. 2-4 4 22 
Jrs & S'rs. Surveying methods (class)} C.E.2..| Prof. Wendt............ 109- lL Eng. Bide. 8-9 3 30 
Seniors..... Surveying methods is Geldy Cons 25s ProfecWiendtictat osacccnllne nebo kee cae 8-10 4 30 
Seniors..... Graphic Statics. . Clb 4di| Mrs Marshi\sic sce eccete ls «rs 401 Eng. Bldg.... 8-9 3 29 
Seniors... .| Graphic Statics. . CB Ads Mrs Marsh se jacccineniee. 401 Eng. Bldg.... 9-10 3 28 
Seniors..... Hydraulics. mc atersa(s s-12'- Cabos erok IROSINg er cereale 203 Eng. Bldg....| 10-11 5 32 
Seniors. .... Ely draulicgeess oss see Can eae brosewendters memset 203 Eng. Bldg....| 11-12 5 23 
Seniors..... Hydraulic Lab. ........ Cilba:|) Profe Rosine... scence. sls 3-106 Eng. Blde... 1-4 6 20 
Seniors . .. .| Hydraulic Wb poaapnbar Op bar Prot: Wendtesc-c-ceern. 3-106 Eng. Bldg... 1-4 6 16 
Seniors..... Adv. Surveying (class)...} C.E. 6b.| Prof. Vedder............ 111 Eng. Bldg.... 8-9 2 17 
Seniors..... Adv. Surveying (class).../ C.E. 6b.| Prof. Vedder............ 111 Eng. Bldg.... 9-10 2 19 
Seniors..... Ady. Surveying (field). ...| C.E. 6b. f Base. toads Mr. Buser..} 304 Eng. Bldg... . 1-5 4 17 

: & POs Vedderinies sees iu 
Bai aye erase Adv. Surveying (field)... .| C.E. 6b. \ Mr. Ockerblad....... } 111 Eng. Bldg....| 8-12 4 |. 19 
Seniors..... Bridge Stresses.......... C.E. 8a.| Prof. Vedder............ 111 Eng. Bldg....} 10-11 3 [516 
Seniors..... Bridge Stresses.......... C.E. 8a.| Prof. Vedder............ 111 Eng. Bldg....| 11-12 3 | 19 
Se —| _ 

SROtaL sae SO SBCCLION arseteretaieie eer ere toy ere easel rerietrarssceParcisicl jorers wisinic ore ellieiomeere on ete ce eyl| Wet dele es 97 513 


9 


66 STATE BOARD OF AGRICULTURE. 
eins - ae No. Ae: of 
. 0. 0} our of | hours | students 
Class. Subject. tees Teacher. Classroom. Segone|| aes in 
week. | class. 
Winter term. 
Juniors.....| Mechanics.............. C28 4b-|PMirBuser cw aciace cine 302 Eng. Bldg. 8-9 5 16 
Juniors..... Mechanics.............- Cin 4b: Sirs Buserte soe aceaceee 302 Eng. Bldg . 1-2 5 16 
Juniors..... Mechaniesist. -\crastse.c st C.E. 4b.| Mr. Ockerblad.......... 401 Eng. Bldg. 8-9 5 15 
Juniors.....| Mechanics.............. C.E. 4b.| Mr. Ockerblad.......... 401 Eng. Bldg. 1-2 5 19 
TurSNOTS oe orl AGT BD el one clearer Galo) | Prot. Vedder. ..mer er: 111 Eng. Bldg. 9-10 5 48 
Seniors..... Hydraulic Motors....... @iHF5b!| Profs) Wiendtescccesce eas 203 Eng. Bldg.... 1-2 3 27 
Seniors..... Hydraulic Motors....... CAB. bbs Profs Rosine. see eee 111 Eng. Bldg.... 1-2 3 24 
Seniors..... Bridge Design........... C.E. 8b.| Prof. Vedder, Mr. Marsh..| 304-306 Eng. Bldg.; 10-12 8 34 
Seniors..... Mas’y and arches (class)..| C.E.9..| Mr. Marsh.............. 111 Eng. Bldg... . 8-9 3 17 
Seniors..... Mas’y and arches (draw’g)| C.E.9..| Mr. Marsh.............. 306 Eng. Bldg... . a 4 17 
Seniors..... Mas’y and arches (class)..| C.E.9..) Prof. Wendt...........- 203 Eng. Bldg.... 8-9 3 16 
Seniors..... Mas’y and arches (draw’g)| C.E. 9..| Prof. Wendt............ 304 Eng. Bldg.... 0 4 16 
Seniors..... Roads and pavements....| C.E.10.| Prof. Rosing............ 111 Eng. Bldg.... 8-9 2. 36 
Seniors..... Experimental Lab....... C.E. 12.| Prof. Wendt, Mr. Buser. .| 106-4 Eng. Bldg... ue 8 18 
Senjors.....| Experimental Lab....... on, 12,| { Prof Rosing, ;------- }) 106-4 Eng. Bldg... s2| 8 17 
Seniors..... Water supply, sewerage. .| C.E. 15.) Prof. Rosing............ 203 Eng. Bldg....} 9-10 5 33 
Pop als ss] e1.G: SECUIOIS scams c1< crate evel heme esc ater each rere reece teeta cto vererele eharetaverets torevevarallleestetepoiciots 76 369 


Class. 


Spring term. 
Sophomores. 
Sophomores. 
Sophomores. 
Sophomores. 
Sophomores. 


Sophomores. 
Sophomores. 
Sophomores. 
Sophomores. 
Sophomores. 


Sophomores. 
Sophomores. 
Sophomores. 
Sophomores. 
Juniors..... 
Juniors..... 
Juniors..... 
Juniors..... 
Juniors..... 
Juniors..... 
Juniors..... 
Juniors 
Juniors 
Juniors 
Juniors 


Juniors..... 
Juniors..... 
Juniors 
Juniors 


Juniors... . 


Seniors 
Seniors 
Seniors 
Seniors 
Seniors 


Totals. 


Subject. 


Surveying (class) 
Surveying (field) 
Surveying (class) 
Surveying (field) 
Surveying (class) 


Surveying (class) 
Surveying (class) 
Surveying (field) 
Surveying (class) 
Surveying (field) 


Surveying (class) 
Surveying (field) 
Surveying (class) 
Surveying (field) 
Topog. Sur’g (class) 


Topog. Sur’g (field) 
Str. of materials 
Str. of materials 
Str. of materials 
Str. of materials........-. 


Topog. mapping Gy. Hee 
Topog. mapping. . 
Topog. mapping.. 
Topog. mapping 
R. R. surveying (class).. - 


R. R. surveying (field)... 
R. R. surveying (class)... 
R. R. surveying (field) . . 
Road construction (class) 


Road construction (field) . 


Thesis 
Contracts and Specif..... 
Contracts and Specif..... 
Astronomy (class) 
Astronomy (field)....... 


35 sections 


-| 
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No. of 
course. 


acess 929 


asea 


Q . 


sisisiels) 


: Mr. 
.| Prof. Wendt 


.| Prof. Wendt 
-| Prof. Wendt 
-| Prof. Wendt 
-| Mr. 
-| Mr. 


.| Mr. 
.| Mr. 
-| Mr. 
| Mr. 
-| Prof. Rosing aS AY | 


.,| Prof. Rosing, Mr. Buser. . 
eH eP rote ROSID2 ce eleseie seen: | 


.| Prof. Vedder 


Teacher. 


; Shaw EL eaeetse eee 


; Buser. 
. Buser, Mr. Philp..... 


mOckerbladesaeereeee 
. Ockerblad, Mr. Shaw.| 
Ockerblad 
Mr. Ockerblad.......... | 


Marsh 
Marsh 


Marsh 
Mrash 
Marsh, Mr. Shaw.... 
Marsh, Mr. Shaw.... 


Prof. Rosing, Mr. Buser. . 
Prof. Rosing 
J Prof. Rosing, 

| Mr. Ockerblad........ 


Profs Weddersass-cenuies 
Prof) Wedder=scace- > 2 
Prof.) Veddertenn ao. =e 
Prof. Vedderi cz .2.cctecn 


67 
No. | No. of 
Glasscoorns Hour of | hours students 
meeting.| per in 
week. | class. 

401 Eng. Bldg. 1-2 2 28 
CAG ere 10-12 2 62 
203 Eng. Bldg. 8-9 2 34 
Sy veineeat tyre. : 13 2 | 63 
111 Eng. Bldg. 1-2 2 29 
111 Eng. Bldg. 8-9 2 34 
302 Eng. Bldg. 11-12 2 26 
203 Eng. Bldg. 8-10 4 26 
302 Eng. Bldg. 2-3 2 | 29 
302 Enz. Bldg. 3-5 4 31 
302 Eng. Bldg. 11-12 2 | 25 
Sih ae ee aoe Bn 2s 8-10 4 23 
302 Eng. Bldg. 2-3 2; | 30 
Baar Satis ene 3-5 4) 32 
111-203 Eng. Bldg 2-3 2 | 16 
See a Te 3-5 6 | 16 
203 Eng. Bldg... . 9-10 Sia 15 
203 Eng. Bldg... .| 1-2 5 15 
111 Eng. Bldg.... 8-9 5 | 17 
302 Eng. Bldg... 1-2 5 13 
asta baie See 10-12 4 | 15 
5 eee ees ao 3-5 4 | 20 
ae 5 eee 10-12 4 | 15 
Patenretel oorans oo ttet ot cnehe 3-5 4 20 
111 Eng. Bldg.... 8-9 | 3 17 
401-106 Eng. Bldg} 1-5 4| 17 
111 Eng. Bldg. . 2-3 3 18 
401-106 Eng. Bldg. 8-12 | 4 | 18 
109 Eng. Bldg. . 11-12 2 | 15 
401 Eng. Bldg:...| 10-12 6 15 
106 Eng. Bldg.... 1-5 10 30 
111 Eng. Bldg....} 10-11 3 28 
111 Eng. Bldg... 11-12 3 25 
111 Eng. Bldg....| 11-12 2 31 
Pine pidge sales eee sae P2 31 
ANTE eae ilo rete | 122 879 


The following text books have been used in our classes during the 


year: 


Merriman and Jacoby’s Roofs and Bridges, Vols. I, II, III; 


Hodgman’s Land Surveying and Vedder’s Notes on Surveying; Church’s 
Mechanics; Baker’s Masonry Construction; Baker’s Roads and Pave- 
ments; Merriman’s Treatise on Hydraulics; Turneaure & Russell’s Public 
Water Supplies; Folwell’s Sewerage; Wilson’s Topographic Surveying ; 
Tucker’s Contracts in Engineering; Hosmer’s Astronomy; Merriman’s 


Mechanics of Materials; Godwin’s Railroad Engineers’ 


Johnson—Smith’s Surveying. 

The total expenditure by the department during the year for all 
purposes has been $2,510.95 of which $78.00 was turned in for special 
examinations, and $659.00 for laboratory fees and other departmental 


receipts. 


Respectfully submitted, 
H. K.. VEDDER, 
Professor Civil Engineering. 


East Lansing, Mich., June 30, 1911. 


Field Book; 
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REPORT OF THE DEPARTMENT OF PHYSICS AND ELECTRICAL 
ENGINEERING. 


President J. L. Snyder: 

Dear Sir:—The past year, 1910-1911, has been very much like the 
preceding one. We had very much the same instructional force and ac- 
complished about the same amount of work. 

During this school year the faculty have changed the required work 
so that twenty credits per term will be required after this year instead 
of twenty-five as heretofore. This of course necessitated rearranging the 
work and, together with the changes in the home economics course, 
some difficulty was experienced in making it possible for every student tu 
get the amount of physics that his course called for. For that reason in 
the spring term we had to forego laboratory work in the home economics 
and agricultural courses. 

It is difficult, with the changes that are being made, to keep the 
amount of work done in the three terms uniform, so that the staff may 
be equally busy each term. For example, our fall term has for several 
years been the light term. The winter term has been heavier, and the 
spring term so heavy that the staff were hardly able to carry all the 
work. I have tried in the reorganization of the courses this year to 
even it up but I think that our spring term will still be the heaviest 
term of the year. 

Not many additions to our laboratory equipment have been made 
during the year, but a few very much needed ones have been provided. 

For three years now the department has held an “electrical show” near 
the latter part of the winter term and it seems to be justified from 
the interest shown and the questions asked. Electricity is entering every 
phase of life—the home, the factory and the farm, to such an extent 
that it is essential that every one should have an intelligent knowl- 
edge of its uses. The electrical show seems to accomplish this purpose. 
We also take occasion, at the time of the Round-Up Institute occur- 
ring about the same time, to have the various uses of electricity on ex- 
hibition for the benefit of those attending. All this is accomplished with 
a very slight expense to the department and I hope in another year to 
be able to accomplish more, although our space that can be assigned 
to such exhibition work is becoming less every year. 

Mr. H. E. Marsh, who was with the department during 1909 and 
1910, has been with the civil engineering department this year. 

Mr. Oren L. Snow, a graduate of the class of 1910, has been instructor 
in the preparatory work in physics. Mr. Snow has proven a very use- 
ful and intelligent instructor. He evidently was cut out to be a teacher. 

Mr. Ernest Roller, who has been with us two years, resigned in order 
to give his attention to commercial matters. His connection with the 
department has been very pleasant indeed. Those who have become ac- 
quainted with Mr. Roller and his family have had a concrete example 
of how a family can come and enter into the life of a community and 
be very helpful and useful even though they do stay but two years. 
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Mr. Roller and family 
Their presence in the 


Most families take two years to get started. 
seemed to start in the first month they came. 
community will be missed considerably. 

Mr. C. W. Chapman, who was with us during the years 1907, 1908 
and 1909, has been reengaged after a period spent in study at the Uni- 
versity of Michigan and the University of Chicago, and we are looking 
forward to a pleasant and profitable year with an entire complement of 


teachers who have been with us before. 


interferes very seriously with the work of the department. 
I wish here to record appreciation of the staff in the department, as 


listed below, for their interest and efficiency. 
Assistant Professor: 
Instructors: 


W. L. Lodge. 
W. E. Laycock, G. A. Kelsall, E. Roller, O. L. Snow. 
Miss Edna B. Spindler. 


Clerk and Stenographer one-fourth time: 


Caretaker : 


George Klotz. 


Breaking in a new instructor 


Below is a table showing the work carried by this department during 


the year. 
Section Hours | Section Hours Section Hours Number 
Class. Subject. Instructor. for for for for for for of 
lectures. | lectures. |recitations.|recitations.|laboratory .|laboratory ./students. 
Spring term. 
Sub-freshmen..! Physics 1b..} Mr. Snow..... 1 1 4 12 1 2 53 
Subcireshmenee | ehysicalbes |e Mr wbavcocksarreiiacce « llsmcrtactoe leis ies Satelite lau tice seal 2 4 32 
Sub-ireshmenms |e lvsics i boc Mirs Rollers cl emc nse nents lla ck celle cote etoile ease 1 2 12 
Sub-freshmen..| Physics 2c..| Mr. Snow..... 1 1 2 4 2 4 27 
SUb-treshimenrrs| Eh ysics 2Conl Mires Ollerae a. lat mesa setae] s aletarertie torre es «sc fomeall le eke siete ohn 1 2 16 
Sub-freshmen..] Physics 3b..} Mr. Laycock 1 1 1 3 2 4 24 
Freshmen..... Physics ld..} Mr. Roller. . 2 2 6 1 Pe ne le 8 a a 128 
Freshmen..... Physics 3d..| Mr. Laycock... 1 1 4 Si Ghat a ee cle ceases 98 
Sophomores....| Physics 2f..} Prof. Lodge... 2 4 4 8 4 8 113 
sophomores s.-2|| Physics!2f): 51! Mri) Kelsalllroal/\see <1cteaillsicie/stotereis||=.< eisai s aeetela asc 4 8 51 
Juniors = spite ee | EB. Los. |) ProfaSawyeren|s+ecsanseatlerrse sees 2 Giles cteprehals sya reacts tee 30 
Juniors........ E. E. 1e Ni Tes AA log k ea anelea| lodar oneal las se ece eel logo ooane or 3 12 31 
SEMOTSyas055 |) Be Bedaccas Prof. Sawyer..| Thesis Time as} required. 3 
NeNIOTsae «ae ae Hebi Seeeey= IPrOks) SAWYER. els cler rsrereteiel| isparets arevail ele clertiesele nycll ler orayarer siete 1 6 4 
Seniors........ BBY snetoe= ProfaSawiyeres|temern assesses 1 Dal Presa acia tienal ticks ot cies 7 
Sti @rsaqenepe Physics; 4ce5-|) Professawvers. |e sesh ecealle cess 1 2 1 2 8 
Section | Hours | Sections | Hours Sections Hours | Number 
Class. Subject. Instructor. for for for for for for of 
lectures. | lectures. |recitations. recitations. |laboratory .|laboratory.|students. 
Winter term. 
Sub-freshmen..| Physics 3a..| Mr Laycock... 1 1 1 3 2 4 28 
Sub-freshmen..| Physics la. | Mr. Laycock... 1 1 4 12 1 2 16 
Short course Physics.....| Mr. Laycock. . 1 Tol ee doce Os laa cabomauia| Inedrtare oc allbetoueaeer 43 
Snib=treshimeney.|t Paysics dase|p Mrs Onowec saree teases eyctelecom incline Maen ate eat eine 5} 6 43 
Siib-freshmen: «|/ Phy’s da, 2b], Mr. Carpenters||:cn.d.c000 | erie cs ses] -cloc face se] ee ne bene 1 2 15 
Sub-freshmen..| Physics 2b..| Mr. Snow..... 1 1 2 2 2 4 39 
Sophomores....! Physics 2e..| Prof. Lodge... 2 4 4 8 4 8 121 
SOpHGMOTesee ys EUV RICH OC 45] eMra ONOWs srr ll-).tacts «0 tall’ arise a nastncraeklaeel aaeiee soelee 4 8 57 
Sophomores....} Physics lf...) Mr. Roller.... 1 2 4 8 6 12 104 
Short course Physics..... Mr. Roller. ... 1 DE Pe PARRA Me tech. sora cll Cracontomteyctor chal Glchctameseyerete 43 
Juniors........ Hehe dDeea| 4 brot. Sawyersel sauce emcerhine re 2 (el ee eec ome haboroameds 36 
UO eopoocoe|) Js doh lessen Pl) GemClrt Ils Bas aaateor| | obneeed lodss5opers |sasomBeoee 2 4 36 
Juniors........ Be Gainers) Marl Mela 2 2\]Ecroaya atencresn lforslssaieietsis 2 4 2 8 29 
Seniors........ BENS be. 2 |eerofePawverss|(eclocsicncteulliccioe = hee 1 Ste rook Stnercte cael) anes sucherenee 8 
MONIONS: .\. «2+, = Ba oDeee || Miri el gall sce 5| cose cobeye: oe tayo) sts ray egsi|| sears, gusto) sesve a |lis(erSieiete ele 1 4 8 
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: Sections | Hours | Sections Hours Sections Hours | Number 
Class. Subject. Instructor. or or or for for or 0 
laboratory .| lectures. |recitations. |recitations. |laboratory .|laboratory .|students. 
Fall term. 
Sub-freshmen..} Physics 2a..| Mr. Snow..... 1 1 2 ta RaaRoncads locate ce 45 
Sophomores....| Physics 2d..| Prof. Lodge... 2 4 4 8 4 8 134 
Sophomoresse ss ||-bhysics:2d-2 || Mr isnoweee sellocicrvae seer oteist sacl meiner vicieailiniereinie sient 4 rs. 95 
Sophomores....| Physics 1c..| Mr. Roller. ... 1 2 4 8 6 ib} 111 
Sophomoresssaa| seo vaics lcs. Mirs Lary cocker srreletremret tell steinersieec'| iserectercicieiel | ieee eres 1 2 16 
Sophomores....} Physics 3c..] Mr. Laycock. . 1 1 2 4 3 12 71 
Juniors... 26. + E. E. la....| Prof. Sawyer.. 2 Dil Seed tates eee 2 8 39 
Juniors........ Bhs B48): 0c | AMS elisa A245) oy terre c sinv|lereispeeisine ittaotelersciote | note oeicare 2 4 37 
Juniors........ E. E. 6a....] Mr. Kelsall... 1 1 2 Bile arcismre ns) pees Eee 54 
Seniors........ G8. see MELOL I ORWYELse|(epacleieers erates ee 2 yn beootacocd (Sapmanee ac 24 
Respectfully, 


A. R. SAWYER, 
Professor of Physics and Electrical Engineering. 
East Lansing, Mich., June 30th, 1911. 


REPORT OF THE DRAWING DEPARTMENT. 


President J. L. Snyder: 

Dear Sir:—I herewith beg leave to submit to you my annual report 
as head of the Department of Drawing and Design for the year ending 
June 380th, 1911. 

The work of the department has progressed very satisfactorily, if 
anything, with better results in the teaching all along the line.” Con- 
siderable interest was manifested by the women students in their free- 
hand drawing studies and many inquiries were made by them in regard 
to electing if possible more work along the same lines. 

I may remind you in my last annual report I recommended the establish- 
ment of an industrial arts course for the women, so that they may have 
more options and an opportunity for technical training commensurate 
with the opportunities open to the men. The indications point very 
strongly to a demand for this kind of work. I wish to add to what I 
have formerly said upon this subject that I believe the opening of greater 
opportunities for the women would not necessarily attract more women 
to our doors so much as it would a better quality of students, and in- 
directly contribute to the settlement of other administrative problems. 

In the spring we arranged with the firm of Atkinson, Mentzer & Grover 
of New York to send us an exhibit of arts and crafts work. It came 
and proved to be the exclusive work of the School of Industrial Art 
at Philadelphia, Pa. During its few days’ stay it enlisted a great deal 
of interest both from students and faculty and emphasized the view 
I have expressed that such work should be available for the women. 

Again I am inclined to be strong in my praises of the esprit de corps 
of the teaching staff who have done all they could to make the depart- 
ment work successful and I may add that we are fortunate in getting such 
good work from them when commercial positions at higher salaries invite 
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them elsewhere. I have spoken previously upon the need of higher salaries 
for the teaching staff. In considering plans for next year I have found 
that our available salaries are not strong inducements to prospective 
teachers. A number of good candidates have completely turned our propo- 
sitions down and I do not think I am presenting this matter to strongly 
when I make this statement to you and also express my belief that we 
are likely to experience future insurmountable difficulties in obtaining 
teachers if the salary scale is not increased. I believe also that there 
should by all means be established a scale of salary increase to which 
deserving instructors could look forward from year to year. I lose a 
very valuable man, Mr. C. P. Thomas, at the close of this college year 
who gives up his position because the salary increase was not what he 
thought he deserved and I may admit I quietly agreed with him. 

The department teaching has been done with the assistance of the fol- 
lowing staff mentioned in the order of seniority of appointment: 

Chace Newman, Assistant Professor of Drawing. 

Miss Caroline Holt, Instructor in Drawing. 

Miss Isabel Snelgrove, Instructor in Drawing. 

Bertram P. Thomas, Instructor in Drawing. 

Max D. Farmer, Instructor in Drawing. 

Miss Bessie Bartholomew, Assistant Instructor in Drawing. 

Leo J. Knapp, Student Assistant in Drawing. 

Again this year, owing to the irregularity of the schedule, we were 
required to get the assistance of Miss Bartholomew for teaching the 
freehand drawing classes and as before she gave very satisfactory ser- 
vice. Mr. L. J. Knapp for similar reasons was employed as student 
assistant in the drawing classes in descriptive geometry and did very 
good work. 

The revision of courses in the college on the twenty credit basis which 
was so much needed has resulted in a heavy draft in the spring term 
and will cause an equally unbalanced schedule next year until things 
are evened up. 

A new system has been adopted by us the present year to increase the 
efficiency of teaching mechanical drawing, namely the use of printed 
layouts to save students time in laying out fundamental data of prob- 
lems. It has fulfilled all expectations and is strongly endorsed by the 
students as well as the teachers. It is an idea that has originated 
in this department and it seems to indicate a very advanced step in the 
teaching of graphical subjects. Mr. Newman and I have been at work 
upon the system for more than a year. 

We have not made any noticeable additions to our equipment, not 
because it was not needed, but because other department administrative 
work seemed to take up our time and it was temporarily set aside. 

Following is a table which will show much data regarding attendance, 
teaching hours, ete.: 


“J 
bo 
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Drawing department. 


Class. 


Sub-freshman—Ags....... 


Sub-freshman—Ags....... 


Sub-freshman—Engineers. . 
Sub-freshman—Engineers. . 


Sub-freshman—Engineers. . 


Subject. 


Drawing 1..-.... 


Drawing la...... 


Drawing 4ac 


Drawing 4d....... 
Drawing 4f...... 


Instructor. 


MissiHoltesc ceca: 
Miss Snelgrove...... 
Prof. Wilsons 05-1: 
Miss Snelgrove..... . 
Miss Snelgrove...... 
Mr. Thomas.......-. 
Mr. Thomas........ 
Mies -Rarmers. --nsice 
Mr. Thomas......... 


Hreshman—Ags.. 52.5: .:- 


Freshman— Engineers... ... 


Freshman—H. B.........- 


Drawing Ic...... 


Drawing 4ab 


Drawing 4e...... 


Drawing 5ab 


Drawing 1b...... 


Drawing 1d...... 


Miss Holt. .......-.. 
IMisatHoltiecierctae 
Miss Snelgrove...... 
Miss Snelgrove...... 
Miss Bartholomew. . . 
Miss Bartholomew. . . 
Miss Bartholomew... . 
Miss Bartholomew... . 
Prof. Newman...... 


Mrs Thomas: -te...¢2 
Wilts UNTO IS Go ooo oe 
Prof. Wilson: ..-.- 
Profs Wilson. <..0<1 
Prof. Newman...... 
Prof. Newman 
Prof. Newman..... 


Mr Knapp... - 
Profawilsoneets sere 
Miss Holt cya. ene: 
Miss Snelgrove...... 
Miss Snelgrove...... 
Profawilsonheeee ee 
Miss Holts... <n e-- 
Miss Snelgrove 
Miss Snelgrove 


Sophomore—Ags.........- 


Sophomore—Engineers.... . 


Sophomore— H. E........ 


Junior & Senior—Ags...... 
Junior— Engineers........ 


Junior—H. E............- 
Junior & Senior—H. F..... 


East Lansing, 


Drawing 3b...... 


Drawing 5b...... 


Drawing 2a...... 


Drawing 3c...... 
Drawing 6....... 


Drawitee Zens scr 
Drawing le...... 


Drawing 2b...... 
Drawing 1c...... 


Prof. Newman 
Miss Snelgrove 
Miss Snelgrove 
Miss Snelgrove 
Prof. Wilson. ... 
Prof. Newman 
Prof. Newman 
Ma pRanmer-s =e 
MisaiHoltecseeetce ee 
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Very respectfully submitted, 
VICTOR T. WILSON, 

Professor of Drawing and Design. 

Mich., June 80th, 1911. 
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REPORT OF THE DEAN OF HOME ECONOMICS. 


To the President: 

Permit me to submit my report as Dean of Home Economics for the 
year 1910-11. 

The Home Economic Division enrolled during the year 236 students, 
of whom 25 were graduated in June. Howard Terrace was used again 
for the overflow of new students and for additional piano rooms, prov- 
ing a satisfactory building for this purpose. An epidemic of measles 
and mumps continuing in spite of all precautions through the winter 
and into the spring, gave us reason to wish for the freedom of our 
convalescents’ room, instead of using it for regular students. Miss 
Agnes Hunt, an alumna of the University of Illinois and director 
of Domestic Science in the government school, the College of Hawaii, 
began her duties as professor of Domestic Science in September. With 
the assistance of Miss Grace E. Stevens, also a graduate of the Uni- 
versity of Illinois, she has instituted important changes in the work and 
equipment of the department. During the present summer the labora- 
tory is being remodelled with the aim of carrying .n more scientific 
work in dietetics and food values than has before been possible. 

Mrs. C. L. Barber and Dr. Clara M. Davis of Lansing gave some 
valuable lectures to the juniors in the course in home nursing. The 
class in house architecture was favored by interesting lectures on plumb- 
ing, heating and lighting by Dean Bissell, Prof. Vedder and Prof. Saw- 
yer. Our house director, Mrs. K. M. Cameron, because of her practical ex- 
perience, assisted in the senior course in institutional management. 

The various recitals of the year and the May Festival concerts have 
been of great good to our music pupils. The new resident instructor in 
piano, Miss Grace Louise Scott, who is a graduate of the Olivet Con- 
servatory of Music, has been a most helpful addition to the department 
faculty. Miss Theresa Shier has taken with good success the extra 
students in music. 

Several exhibits of work done in the domestic art department have 
been of exceptional value and called forth favorable comments from all 
who saw them. Particularly the color-design work, the basketry, the 
dressmaking and the cabinet work of the seniors may be mentioned. 
All regret Miss Coad’s resignation which was tendered in June. After 
three years of efficient service she leaves with the best wishes of all, 
on account of her approaching marriage. 

Important features of the work in physical training, under the di- 
rection of Miss Florence Chapman, have been the Folk dances and 
the out-of-door work consisting of games suited to large play grounds. 
Miss Chapman has been very successful in her position but will not 
remain for another year. She plans to spend several months with her 
family in Europe during the coming autumn. 

The average number of hours carried by each teacher through the year 
is as follows: Miss Coad, domestic art, 1924; Mrs. Peppard, domestic 
art and resident teacher in Howard Terrace, 19; Miss Hunt, professor 
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of domestic science, 18; Miss Stevens, assistant in domestic science, 
(half time) 14; Miss Freyhofer, music director, accompanist to college 
chorus and director of college choir, 22; Miss Scott, music, 2214; 
Miss Shier, assistant in music, 614; Miss Chapman, physical training, 
health officer and inspector of rooms, 15. 

In the spring an invitation was extended by the division to all those 
interested in home economics to meet at the college for the purpose of 
organization. Accordingly on May 18th about forty ladies, teachers, 
dietitians, club women, students and housekeepers, were present and 
organized the Michigan Branch of the Home Economics Association. 
Miss Grace Fuller of Ypsilanti was made president and Miss Lenna 
F. Cooper of the Battle Creek Sanitarium, secretary-treasurer. The 
chairman of the Home Economics Department of the General Federa- 
tion of Woman’s Clubs, Mrs. Olaf. N. Guldlin, was present and gave 
an address on “The Mission of Home Economics Workers.” <A _ buffet 
luncheon was served by our senior girls and the day marks the begin- 
ning of more general study of household problems in our state. 

The dean of the division has accepted several invitations to speak be- 
fore farmer’s institutes, women’s clubs and educational meetings, and 
has been obliged to decline as many more. These have included the 
Berrien County Federation, the Grand Rapids Ladies Literary Club, 
the Detroit City Federation, Saginaw, Lapeer, Adrian, Howell, Port 
Huron, Dowagiacand others. Great interest is shown in home economics 
and the women of the state wish to know what the Michigan Agricul- 
tural College is doing in this line. The new course of study, on the 
twenty credit basis, ought to give good results, leading to more inde- 
pendent study and scholarly spirit and developing efficiency in all kinds 
of work. 

Respectfully submitted, 
MAUDE GILCHRIST, 
Dean of Home Economics. 
East Lansing, Mich., June 30, 1911. 


REPORT OF DEAN OF VETERINARY SCIENCE. 


J. L. Snyder, President, Michigan Agricultural College: 

Dear President Snyder:—I have the honor to present herewith my 
first annual report as Dean of the Veterinary Science Division of the 
Michigan Agricultural College, and thus to submit a review of the 
work of the college year, September 1st, 1910, to July 1st, 1911. 

Veterinary Science, heretofore listed as a department of the Agricul- 
tural Division, and as such including more especially instruction in 
those phases immediately applicable to students of various phases of 
agriculture, has, under the new form of organization, which I assumed 
charge of early in September, been considerably broadened in scope and 
importance through the establishment of a Veterinary Science Division 
as one of the coordinate divisions of the institution, and the fulfillment 
of an earlier announcement of a plan to offer education to students 
contemplating the selection of the veterinary science profession. 
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At the opening of the fall term affairs of the department were dis- 
covered to be in a most chaotic condition, demanding no little effort 
and time to untangle and adjust this, together with formulating a course 
of instruction and otherwise attempting the organization of the new 
division preparatory to beginning regular instruction at the opening of 
the winter term, the necessary correspondence, the veterinary care to the 
college live stock and daily class work to junior and senior agricul- 
tural students, numbering over fifty, taxed to the utmost the energy 
at command, more especially as the work was accomplished entirely with- 
out assistance. It was during this term that equipment and the services 
of F. W. Chamberlain, B. S. (Vermont), V. M. D. (Cornell) were secured 
to facilitate future work of the division. 

At the opening of the second or winter term, the teaching force com- 
prised a faculty of four, two immediately connected with the new di- 
vision and through the cooperation and courtesy of the bacteriological 
and zoological departments the help of Dr. Ward Giltner and Assistant 
Professor J. J. Myers respectively, the former giving instruction in 
histology, the latter physiology, to the sophomore students of the veteri- 
nary science division. The remaining work of this term was exceedingly 
heavy, comprising daily class work with the freshman agricultural 
students, the daily work with over forty senior and junior agricultural 
students and for eight weeks two hours each day devoted to the first 
and second year short course students, or a total of four hours daily 
given over to students in agriculture. Besides the above and the work 
already referred to as given by Dr. Giltner and Prof. Myers were 
scheduled exercises in anatomy, clinical diagnosis and materia medica. 

Besides the winter term duties enumerated incident to adequate in- 
struction of the classes listed, and the details of management of the 
new division, time was found for outside work at several institutes and 
dairy and agricultural gatherings. Daily class work during dairy 
week was occupied by lectures and talks upon the anatomy and physi- 
ology of the udder, physiology of birth, birth diseases and emergencies. 
This term also afforded opportunity to entertain the Michigan State 
Veterinary Medical Association during a two-day meeting which was 
held by invitation in the veterinary building of the college; an address 
was also given before the Michigan Breeders’ and Feeders’ Association 
and one at the annual “round-up” of the Farmers’ Institute. 

The schedule for the spring term as outlined in the annual college 
catalog for sophomore students of the Veterinary Science Division was 
pursued without alteration and so, also, was the daily class work con- 
tinued with the senior and junior agricultural students. This work 
was accomplished by the two veterinarians immediately connected with 
the division, together with the continued services of Professor Myers 
and help of Professor Bessey, the latter giving a series of lecture or 
recitation periods upon poisonous plants especially liable to affect do- 
mestic animals. Here again several short trips were made for talks 
to dairy and agricultural societies. It is our firm belief that a close 
affiliation of the agriculturists of the state and the Veterinary Science 
Division cannot but be a mutual benefit, for, as stated in the annual 
catalog, we shaJl aim not alone to train men to deal with problems in 
animal husbandry and sanitation, but likewise to cooperate with stock 
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owners and veterinary surgeons in the investigation and prevention of 
animal ailments as far as our resources and facilities will permit. 

Toward the close of the spring term the division issued a special 
bulletin announcing the establishment of the veterinary science course, 
outlining our proposed schedules, objects and requirements. This docu- 
ment has already found a wide field of usefulness and will unquestion- 
ably do much toward circulating the information pertaining to veteri- 
nary science instruction at this college. 

Mention has been made of the clinical diagnosis course put into opera- 
tion at the beginning of the winter term and which was continued under 
a daily schedule throughout the remainder of the college year. It is 
purposed to conduct this course more especially for the junior and 
senior veterinary science students but, believing that the work would 
be more efficient and satisfactory when required, it was begun with the 
entering sophomore students, thus giving it advertisement and popular- 
ity. The aim of the course is to furnish medical and surgical experi- 
ence as derived only through personal observation, thus rendering the 
finished student more efficient when brought face to face with actual 
field practice. Each student is required to write upon the case, to ob- 
serve the course and progress of disease, healing or repair process, and 
thus become proficient in clinical observation, administration of treat- 
ment or care. 

The clinic, as stated, is given daily immediately after the close of 
the noon hour. The second afternoon class hour is open on the student 
schedule should occasion require extra time, and for which if used due 
credit is allotted. The expense of this clinic to the college is negative 
and to owners of animals comparatively nominal, comprising only act- 
ual cost incurred by the division through medicine, materials or keep of 
animal. During the past two terms the course has assumed considerable 
popularity, furnishing invaluable aid to students. 

The following cases were presented for observation and instruction: 
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The course of instruction in veterinary science as outlined for agri- 
cultural students was elaborated with the hope of imparting useful 
knowledge to those contemplating following agricultural pursuits. For 
the freshman the work embraced lectures upon the exterior conforma- 
tion of the horse, points constituting unsoundness and a consideration 
of the appearance of the various animals during health, regarding what 
constitutes health and what disease as well as distinguishing between 
normal and abnormal physique, through objective clinical evidence, 
thus laying a foundation for future veterinary science study and possi- 
bly rendering the student more efficient for stock judging work. 

In the advanced elective course were included elements of animal 
hygiene; anatomy and physiology with actual autopsy demonstration ; 
knowledge of agents indicated in the cure, alleviation or prevention of 
disease, their physiological action; outlines of causes, symptoms and 
treatment of ailments common to farm animals; a course on animal 
obstetrics suitable for emergency utility and a discussion of preventative 
and control measures incident to specific diseases of state importance. 

Instruction to students electing the regular work of the veterinary 
science course is quite a radical change from what has heretofore been 
undertaken at this institution and assumes more of a routine character 
entering considerably into an interesting detail of the various courses 
found listed in the last annual catalog. In this connection I feel that 
it would be an injustice to the recently established division to fail to 
urge upon you the necessity of lengthening the course, that it may 
cover the entire sophomore year rather than commence as now as an 
elective at the opening of the winter term of that year. The reasons 
for this request are many, believed to be sound and to warrant care- 
ful consideration. 

I have the honor to remain, sir, 
Very respectfully, 
RICHARD P. LYMAN, 
Dean of Veterinary Division. 
East Lansing, Mich., June 30, 1911. 
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REPORT OF THE DEPARTMENT OF BACTERIOLOGY. 


President J. L. Snyder: 

Dear Sir:—The work of the past year may be considered under the 
following headings: 

1. Instruction to four-year students in bacteriology and hygiene. 

No particular change has taken place in our instructional work during 
the past year. The reports of past years will cover this feature very 
fully. 

Il. Instruction in Histology—During the winter term, Dr. Ward 
Giltner was called upon by the veterinary division to take charge of 
histology. It was understood that this was only a temporary arrange- 
ment. Practically all of his time during the term was devoted to this 
work. 

Ill. New Veterinary Course——wWith the introduction of the new 
veterinary course there has fallen to the lot of this department addi- 
tional instructional work. The assuming of pathology by this depart- 
ment means extension. All of the courses in pathology, together with 
meat and milk inspection, are new. By satisfactory arrangement, Dr. 
Ward Giltner will assume most of this instructional work. 

IV. Short Course Instruction—Charles W. Brown has spent much 
of his time during the winter term in assisting in the instruction of 
dairy students, by means of lectures and laboratory instruction. Since 
the short course dairy instruction covers two years of eight weeks each, 
and further, the subjects of butter and cheese have to be considered, the 
work in bacteriology and hygiene requires much time on the part of 
the instructor. 

Dr Giltner gave a course of lectures, three each week for eight weeks, 
to the second-year agricultural students. 

V. Extension in Instruction.—Miss Zae Northrup, Miss Bell S. Far- 
rand, Dr. Ward Giltner, and myself have given lectures, outside of our 
regular work, to members of institutes, ladies’ clubs, literary clubs, 
associations, ete. Dr. Giltner, with Mr. Knopf, traveled with the “Bet- 
ter Farming Train” for a period of ten days, giving lectures and de- 
monstrations. 

VI. Demonstration Work.—Exhibits have been provided for Ex- 
cursion Week, Round-Up Institute, Better Farming Train, and a special 
exhibit for general educational purposes. It is this last exhibit con- 
ducted by the entire laboratory force which deserves special considera- 
tion, because it was the first attempt to exhibit in some respects the 
work of this department for the benefit of the public at large. It proved 
very satisfactory in its comprehensiveness, very instructive to those 
who visited the exhibit (about 1,000 in all), and gratifying to the labora- 
tory force which gave so much time and effort to its preparation. So 
far as I know, it was one of the most complete exhibits of the kind 
ever presented in the United States. Without the most united effort of 
the entire staff such an exhibit could not have materialized. I am add- 
ing the program, which will convey something of its completeness: 
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You are very cordially invited. 


DEMONSTRATION IN BACTERIOLOGY. 


Prepared by the Laboratory of Bacteriology and Hygiene, Michigan 
Agricultural College. 


A. GENERAL MICROBIOLOGY. 


Modern Microbiology includes, besides bacteria, molds, yeasts, pro- 
tozoa and invisible organisms. 


iF: 


ET. 


ELL. 


IV. 


TOOLS OF THE BACTERIOLOGIST. 

Microscope, slides, coverglasses, platinum needles, burners, steam and hot-air 
sterilizer, autoclave, incubator. Test tubes, flasks, petri dishes, wire basket, 
water-bath. Media, raw materials and finished products. Stains and stain- 
ing utensils. 

Special apparatus: Pasteur flasks, Freudenreich flasks, Koch flasks, Barlow’s 
viability flasks, fermentation tubes. 


How Microorcanisms Grow. 

Cider, sterile and with Saccharomyces cerevisiae (bread yeast) at various 
stages of growth. Same with a mold. (Penicillium). Cider with yeast in 
fermentation tube to determine the amount and kind of gas formed. 

Milk, sterile and with Torula, and Bacillus subtilis (both organisms from ran- 
cid butter). 

Litmus milk, sterile and with Bacterium lactis acidi (which makes milk sour) 
and with Bacillus mycoides, (a soil organism). 

Potato, sterile and with Sarcina lutea (from the air), and with Bacillus 
mesentericus (from soil). 

Meat-broth, sterile and with Bacillus coli (from the intestine) and with Mucor 
mold. 

Meat-gelatin, sterile, with Bacillus prodigiosus and with Streptococcus 
pyogenes, (from pus). 

Gelatin plate in petri dish from hard cider. 

Meat-agar, sterile and with Bacillus fluorescens (from water) and with 
Staphylococcus pyogenes albus (from pus). 
gar-plates in petri dishes from street dust. 

Blood-serum, sterile and with Bacillus typhosus (the typhoid fever bacillus). 


COUNTING OF BACTERIA. 

Apparatus for direct counting of blood corpuscles under microscope demon- 
strated with yeast. 

Dilution flasks, sterile pipettes, counting plates. 

Plates from 1/100 ec., 1/1,000 ce. and 1/10,000 cc. of dairy milk. 

Plates from 1/100,000 cc. of good soil. 


Pure CuLtTurRESs. 

A pure culture is the growth of one kind of microdrganism on a sterilized 
medium. 

1. Mo.ps. 

Molds in nature. Molds on horse-dung, fruit, vegetables, preserves, milk 
and dairy products, maple-sugar, ensilage, moist cotton-seed meal, 
leather. 

Permanent cultures in large culture flasks. Important molds: Penicillium 
roqueforti and P. camemberti, help in cheese ripening. Penicillium ex- 
pansum decays apples, P. italicum and P. digitatum decay oranges. 
Aspergillus fumigatus, causing Aspergillosis of men and animals. 
Oidium lactis, making butter rancid. 

Microphotographs and clay models of various molds. Microscope with 
Mucor and with Aspergillus (mounted in glycerin). 
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2. YEASTS. 

Cultivated yeasts: Beer yeast. Bread yeast. Wine yeast. Milk yeast. 
Wild yeasts: Torulae from pickles, from butter, from air, from milk, 
from ensilage. Photographs, clay models, microscope with Hansen 
chamber. : 

BACTERIA. 

Arranged in biological groups. 

Dairy bacteria, in litmus milk. Soil bacteria on potato. Water and sew- 
age bacteria on broth. Pigment bacteria on agar. Disease bacteria on 
blood serum. Photogenic bacteria (in the dark room). 

Microphotographs of bacteria. Flagella. Spores. Microscopes with 
Bacillus subtilis, Sarcina lutea, Spirillum rubrum, B. prodigiosus 
(flagella stain), Spore contrast stain. Clay models. 

4. PROTOZOA. 

Cultures in hay infusion. 

Microscopes with Paramecium from soil, living, and with Sarcosporidium , 
in tissue (stained). Photographs. 


B. BACTERIOLOGY OF DOMESTIC SCIENCE. 


(ae) 


PRESERVATION AND DETERIORATION OF Foops. 

Foods can be made to keep either by killing the microjrganisms which decom- 
pose them, or by preventing them from growing and multiplying. Bacteria 
are usually killed by heat or antiseptics. Growth is prevented by low tem- 
peratures (cold storage), drying, concentrating. 

1. HEATING. 

STERILIZATION BY ONE HEATING.—Fruit preserves, jelly. 

STERILIZATION BY ONE HEATING UNDER PRESSURE (generally used in the can- 
ning industry).—Tin cans with vegetables and fruit. Spoiled preserves, 
due to some bacteria very resistant to heat. Pure cultures and photo- 
graphs of such bacteria. Milk, 6 months old. Different fruit jars and 
covers in common use. 

STERILIZATION BY INTERMITTENT HEATING.—Recommended for home canning 
of vegetables, heating on three successive days for about one hour each 
day. Specimens of students’ experiments, one year old. Sterile milk. 
Wash boiler which may be used for home canning. 

PASTEURIZATION.—Commonly used for milk, because it does not affect the 
taste. It is accomplished by heating 20 minutes to at least 160°F. 
(60°C.) and cooling rapidly. Disease germs are killed and the others, 
decomposing the milk, are greatly reduced. Pasteurized milk does not 
keep much longer than unheated milk. Pasteurized cider, 6 years old. 

2. DRYING, EVOPORATING, CONDENSING. 

Meat (Dried beef, meat extract). Vegetables. Apples, dates, onic 
raisins, prunes. Milk (Condensed, evaporated, powdered). Cheese 
(Sapsago). Eggs, dried whites for clarifying soups, coffee, etc. Malt 
extract. 

SALTING. 

Brined cucumber pickles. Common household method. Prevention of 
scum growth by sealing the pickles air tight with oil. Pure culture 
of scum yeast. 

Salted meats and fish (dry and brined). Dried cod. Corned beef. Eggs 
preserved in salt brine. Salted butter. 

Scums and pure cultures of brined pickles, olives, dill pickles, brined 
meat and fish. 

4. SUGARING AND PRESERVING. 

Jellies, preserves and a er inoculated, with and without paraffin 
on the surface. Candied fruits—plums, pine-apple, cherries, etc. 

5. OL 

Sardines. 

6. CHEMICAL PRESERVATIVES. 

Boric acid. Salicylic acid. Benzoate of soda (1 gr. weighed out and 
placed beside 100 cc. of ketchup). Saltpeter for meats (1 oz. to 25 
lbs. of beef). Formalin in milk (.05%). Hydrogen Depo) in milk 
(.5%). Ethyl alcohol. Eggs preserved in water-glass. 
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7. SMOKING. 
Smoked meat. Ham, bacon. 
Smoked fish. Halibut, herring. 
Coal tar products. Creosote. 
8. SPICES. 
Fruit cake. Mince-meat. Ketchups of various sources—some with molds 
and some fermenting. Oil of cloves, cinnamon, allspice, mustard. 
9. PRESERVATION BY FERMENTATION. 
Preservation is secured through the production of large amounts of acid 
which prevents undesirable bacterial growth. Sauerkraut, brine pickles, 
dill pickles, fruit juices, sour cream butter, cheese. Fresh meat pre- 
served temporarily in buttermilk and in vinegar. Pure cultures from 
sauerkraut, vinegar and milk scums. 


II. Brean. 
1. SALT-RISING BREAD. 

Salt-rising bread is risen by a bacterium (Bacterium aerogenes) which 
produces large quantities of gas. Pure culture of germ under the micro- 
scope, in milk and on agar. Gas production in fermentation tube. Sam- 
ples of corn meal, canaille and sweet milk where Bact. aerogenes is 
ordinarily found. Exhibit two loaves of bread; one made at bakery, one 
made in the laboratory from a pure culture of the germ. 

2. YEAST BREAD. 

Fleischmann’s compressed yeast cake. Magic yeast cake. (Demonstrate 
colonies from a cake 4 years old, still alive.) Slimy, moldy and pig- 
mented breads. 


IIT. VINEGAR. 

Stains of acetic bacterium and yeast involved in the manufacture of vinegar. 
Yeast grown in sterilized cider showing alcoholic fermentation (hard cider). 
Acetic bacterium in sterile cider without yeast. Yeast and acetic bacterium 
grown together producing vinegar. 

Commercial culture for vinegar production. 

Cider vinegar, tomato vinegar. Impure vinegar. Vinegar eels. 

Quick vinegar process. 


C. DAIRY BACTERIOLOGY. 
ie "Mit Re: 
1. BACTERIA IN MILK. 

Market milk—plates from fresh sample. Certified milk—plates from fresh 
sample. Bacteria from udder of cow—plates from fore-milk, middle 
milk, and strippings. Effect of straining upon number of bacteria— 
plates made before and after straining, show strainer. Effect of separa- 
tion upon numbers—plates from cream, milk, and separator slime. 
Microscope—stain from market milk showing cells and bacteria. Pure 
cultures in litmus milk of a number of different milk microérganisms. 

2. CONTAMINATION OF MILK. 

Tubes of sterile milk, to which has been added a piece of sterile straw, 
of sterile hay and some sterile soil. To which has been added straw, 
hay, litter from barn floor, cow’s hair, soil, etc. 

Plates showing number of microédrganisms in barn air (before and after 
feeding), in laboratory air, in clean milk bottle (before and after steam- 
ing), in poorly cleaned milk utensils, as pails, strainers, separators, etc., 
and on hands (before and after washing). 

3. CONSTITUENTS OF MILK, BUTTER AND CHEESE. 
Samples of the different constituents and table showing percentages. 

Action of microérganisms upon casein—shown by milk agar plates and 
milk cultures. 

Action upon lactose—acid in litmus milk and carbonate lactose agar 
plates; gas in fermentation tubes of whey, lactose agar tubes. ; 

Action upon butter fat—shown by comparison of growth of certain micro- 
érganisms upon synthetic agar and fat-synthetic agar plates. 

Microscope showing fat globules in whole milk. 
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4. FERMENTATION OF MILK. 

Spontaneous fermentation. 

(a) Flasks of milk from a number of different sources kept for a 
week at room temperature: (70°F.). 
(b) Some of the same milks kept at 45°F. 

Acid fermentation—ordinary market milk (loppered), sterile litmus milk 
inoculated with acid-producing organisms, and a pure culture starter 6 
weeks old. 

Gaseous fermentation—sterile milk in fermentation tubes inoculated with 
Bact. aerogenes, with lactose fermenting yeasts; also a flask of milk 
showing evolution of gas and a gassy curd. 

Sweet curd fermentation—litmus milk inoculated with rennet-producing 
organisms. 

Ropy fermentation—milk inoculated with a ropy milk bacterium. 

Bitter milk fermentation—milk inoculated with bitter milk bacteria. 

Color fermentation—plain milk inoculated with chromogens. 

Alcoholic fermentation—Matzoon, Yoghourt, ete. 

5. Mompy MILK. 
Milk upon which is growing Oidiwm lactis, Mucor, Penicillium, Aspergillus. 
6. STARTER BACTERIA AND SOME OF THEIR WORK. 

Cultures (milk, agar and broth). Power of reduction (cultures in litmus 
milk, methylene blue milk). Antiseptic influence towards other bacteria 
(a flask of milk inoculated with starter compared with another flask of 
same milk not inoculated). Their work which is made use of in dairy— 
sweet milk vs. sour milk, sweet cream vs. ripened cream, sweet cream 
butter vs. ripened cream butter, cottage cheese, etc. 

7. PRESERVED MILKS. 

Sterilized sweet milk—flask of milk 4 months old. Evaporated milk. 
Condensed whole milk and condensed skim milk. Dried milk (milk 
powder). 


BUTTER. 

1. BACTERIA IN BUTTER. 

Plates from sweet cream butter and from fresh ripened cream, butter. 
Plates from butter 10 days, 18 months and 4 years old. Plates from 
butter on 12% salt agar. 

2. STORAGE BUTTER. 

Butter that has been kept outside north window for 30 days. Sample of 
same butter kept in same place, but protected from light. Samples of 
butter 18 months and 4 years old. Uncolored butter 3 years old made 
from sterilized cream with pure cultures. 

MouLpy BUTTER. 

Samples of uncolored butter with different molds as Penicillium, Aspergil- 
lus, Mucor, Oidium. 

Print in paper with molds growing upon it. 

Other half of same print from which paper was removed. 

4. OLEOMARGARINE. 

Plates showing germ count. 


co 


CHEESE. 
1. BACTERIA IN CHEESE. 

Fresh and ripe Michigan cheese and plates showing germ count. Micro- 
scopes showing bacteria in sections of fresh and ripe cheese. 

2. CHEESE RIPENING. 

Unripened cheeses—cottage cheese, Neuf-chatel. Ripened cheese—Ched- 
dar, Edam, Swiss, Brick. Cheeses ripened with molds—Roquefort, 
Camembert. Abnormal moldy spots on cheese. Bulged and gassy cheese 
and germ causing it. Microscope showing section of Roquefort cheese. 
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D. SANITATION. 


I. Water BaAcTERIOLOGY. 
Water from rock well and from surface well compared with sewage from river. 
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BACTERIOLOGICAL ANALYSIS. 

Agar shake (litmus lactose) to test a large quantity (100 cc.) of water 
for acid and gas-producing germs. 

Litmus lactose agar (without salt) plates and gelatin (without salt) plates 
inoculated with 1 cc., 0.5 ce., and 0.1 ce. of water to show comparative 
germ count and acid colonies and liquefiers. 

Broth and litmus milk tubes inoculated with 1 cc., 0.5 cc. and 0.1 cc. of 
water to test small amounts of water for germ content and kind of 
germs present. 

Dextrose, lactose and saccharose fermentation tubes to show gas produc- 
tion. 

Tubes of nitrate broth and Dunham’s peptone solution inoculated with 
water germs to show the production of nitrates and indol respectively. 

Pure cultures of B. coli and B. typhosus for comparison on the above dif- 
ferent media. 

Hanging drop of B. coli under microscope. 

BACTERIAL PRODUCTS IN WATER. 

Color test for nitrates, nitrites, free ammonia, and chlorine. Samples of 
each water compared in Nessler tubes and parts per million of each 
noted and the significance of each. 

DOMESTIC WATER FILTERS. 

Unglazed porcelain. Charcoal. 

CHARTS. 

Showing contamination of water supplies. 

SEWAGE. 

BACTERIOLOGICAL ANALYSIS. 

As above. Drop of sewage under microscope. 

BACTERIAL PRODUCTS. 

(Same as under water analysis.) 

SEWAGE DISPOSAL. 


Aerobic—Construction of filter beds. Anaerobic—Model of septic tank. 
COMMUNICABLE DISEASES. 

CoMMON MISCELLANEOUS SOURCES OF DISEASES. 

Plates made from dried saliva, dirt from walks (drag a cloth one block 
on Washington avenue to show germs gathered by long skirts), public 
drinking cup (obtain with sterile moist swab and smear over sterile 
agar), public telephone—receiver and transmitter—(use sterile moist 
swab), towel used by the public (soak part in sterile water), door knobs 
and jambs (use sterile moist swab), infected cloth, before and after 
boiling, before and after ironing, hands (washed in sterile water and 
with some disinfectant), public comb, razor, food exposed to dust of 
street, pet animals, library books, money, etc. 

BACTERIA IN ATR. 

Plates containing sterile agar exposed one minute to—outside air (campus 
and city of Lansing), air in lower corridor Women’s Bldg. while girls 
are going to classes, air of room (before, during and after sweeping), 
air of room before, during and after cleaning with vacuum cleaner, air 
of room (dusting with dry and damp cloth). 

List of diseases transmitted by air. 

Microscopic DEMONSTRATION OF SOURCES. 

Stained specimens of saliva—tuberculous sputum. Tartar from the teeth. 
Public drinking cup. Public telephone. Pus direct from suppurating 
wounds. 

INSECT CARRIERS OF DISEASE. 

House fiy. Musca domestica. Diseases transmitted by house fly—typhoid 
fever, dysentery and all other intestinal diseases, tuberculosis. Chart 
to show how flies carry disease by means of their feet, also by means 
of their excreta. The house fly does not bite. Fly posters. Fly tracks 
on agar plate. Breeding place and rapidity of breeding on placard. 
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Mosquitos (Anopheles, disease-carrying. Culex, harmless). Diseases 
transmitted—yellow fever, malaria and filariasis. Chart to show how 
mosquitos carry disease. Chart showing how to distinguish ordinary 
from disease-carrying mosquitos. 

Fleas (Pulex cheopis).—Rat fleas carry bubonic and septicemic plague. 
Common flea or dog flea (Ctenocephalus serraticeps) is said to be a 
carrier of infantile paralysis. 

Tsetse fly —(Glossina palpalis). Carrier of Trypanosome gambiense, which 
produces sleeping sickness. 

Texas fever ticks (Boophilus bovis).—Carrier of Piroplasma bigeminum 
the protozoa of Texas cattle fever. 


CHEMICAL DISINFECTANTS. 

Coal tar products (phenol, cresol, petroleum, creosote). Products of distilla- 
tion of wood (creosote, methyl alcohol). Anilin dyes. Mineral acids and 
salts, (mercuric bichloride, borax, copper sulphate, ferrous sulphate, calcium 
hypochlorite or bleaching powder). Organic acids (acetic, lactic, salicylic 
acids). Organic salts (benzoate of soda), chlorine, iodine, sulphur, dioxide. 
Formaldehyde. Alcohol. Hydrogen peroxide. 


PuHysicaL DISINFECTANTS. 

Cold—Ice box or refrigerator. 

Heat—Sterilization or pasteurization by boiling (water, foods), by steam 
(clothing), or by hot air (bedding), cremating. 

Sunlight—Culture of B. prodigiosus killed by light. 


IE. MICROBIOLOGY OF SOILS. 


DEMONSTRATION OF MICROORGANISMS IN SOIL. 

A sample of soil direct from the field from which plates have been poured, 
hanging drops and stained slides prepared. Comparative numbers in differ- 
ent soil types. With the same dilutions, plates have been poured from sands, 
clays, loams, mucks, ete., from the same and from different localities. Com- 
parative numbers in the different soil strata. Plates demonstrating the con- 
stantly decreasing number of organisms in surface, subsurface, and subsoil. 


FUNCTIONS OF MICROORGANISMS IN SOIL. 
1. AcTION UPON MINERAL MATTER. 

As a rock decomposes microérganisms take hold and grow and by their 
life and death foliowed by that of higher plants fertile soil is produced. 
The insoluble compounds of phosphorus, sulphur, iron, ete., are made 
soluble by the activity of microbrganisms. Demonstrated by increased 
amount of soluble phosphate when inoculated. 

2. AcTION UPON ORGANIC MATTER. 

Decomposition of organic matter in soil as elsewhere is largely due to 
microébrganisms. Demonstrated by there being no decomposition when 
bacteria are killed. This is true of all forms of organic decay. Humus 
production, cellulose decomposition, commercial organic fertilizers’ avail- 
ability are demonstrated. In this decomposition, there is a great deal 
lost in the gaseous form but recovered by other bacteria. Shown in the 
“Nitrogen Cycle.” Decomposition in the manure heap with attendant 
losses. Straw decay in manure shown to be caused by bacteria. 


Factors INFLUENCING Soin MICROORGANISMS. 
1. CULTIVATION. 
Plates poured to show varying numbers on fields managed in different 
manners. 
2. LIMING 
Or acidity and alkalinity. Shown by plating as above and also data. 
3. INFLUENCE OF METHODS OF MANAGING MANURES. 
Upon the microbial activity and elemental losses. 
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INDIVIDUAL SPECIES. 

There are certain bacterial species of prominent importance in the soil. 

1. PSEUDOMONAS RADICICOLA. 

The organisms of commercial cultures for inoculating legumes. Known 
also as legume or nodule-forming bacterium. Growth of nodule on root 
showing its prevalence on all legumes. Demonstration of failure of 
cross inoculation. Characteristics of the species shown by stained slides, 
cultures on special media. Composition of media. Commercial produc- 
tion of cultures showing method of obtaining bacteria from nodule, test- 
ing of these bacteria on plants grown from sterile seeds and on sterile 
agar or quartz sand. Methods of seed sterilization. Commercial cul- 
tures of organisms for alfalfa, alsike clover, red clover, white clover, 
vetch, beans, soy beans, peas, cowpeas, sweet peas. Method of shipping 
the cultures. Charts showing the distribution of the cultures through- 
out the state. 

2. AZOTOBACTER. 

An organism which assimilates nitrogen from the atmosphere. Prevalence, 
results from inoculation. Cultures, plates, and slides to show its charac- 
teristics. 

3. OTHER SPECIES. 

Such as ammonifiers (decomposing organic matter to ammonia), nitrifiers 
(forming nitric acid), denitrifiers (breaking down nitric acid), etc. 


F. ANIMAL PATHOLOGIC BACTERIOLOGY. 


DISEASE PRODUCING ORGANISMS. 

1. CULTURES OF DISEASE-PRODUCING ORGANISMS. 

Specific: 1. Bact. tuberculosis. 2. Bact. anthracis. 3. Bact. abortus 
4. Bact. mallei. 5. B. cholerae suis. 6. Bact. diphtheriae. 7. B. typhosus, 
ete. 

Non-specific: Pus-producing crganisms. 

Mrcroscorpic DEMONSTRATION. 

Bact. tuberculosis, human, bovine, avian. B. typhosus, Bact. diphtheriae, 
pyogenic bacteria. 

PHOTOMICROGRAPHS OF DISEASE-PRODUCING BACTERIA. 

Bact. tuberculosis in sputum. Bact. diphtheriae, Negri bodies, (found in 
hydrophobia or rabies). Gonococcus. B. typhosus. Bact. abortus (Bang) 
from cotyledon. 

Photographs showing—Turkey sick of entero-hepatitis or blackhead. Hen 
with infected feather follicles. Macroscopic agglutination of B. cholerae 
suis. Subdural inoculation of rabbit, etherized. Intraperitoneal inocu- 
lation of rabbit. Subcutaneous inoculation of rabbit. Inoculated rabbit 
in cage. Weighing guinea pig before treatment. 
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DISEASES. 

1. ‘TUBERCULOSIS. 

Bovine—tubercles in lung, lymph glands, mammary glands, liver, spleen, 
heart, peritoneum. Porcine—tubercles in skin, bone, joints, mammary 
glands, testicle, adrenal, submaxillary lymph gland, lungs, liver, heart. 
Avian—tubercles in lung, liver, spleen, intestine. 

Photographs of healthy and tuberculous cows, the latter both apparently 
healthy and visibly diseased. Outfit for collecting human tuberculous 
sputum and method for demonstrating presence of germs. 

2. Hog CHOLERA. 

Diseased organs in hog cholera. 

OTHER ANIMAL DISEASES. 

Actinomycosis (lumpy jaw) in head, liver, diaphragm of cattle. Infec- 
tious abortion—diseased cotyledons. Entero-hepatitis (black head) in 
turkeys. Tumors and other pathological conditions. Animal parasites 
and their effect on animals. 

4. MAPS. 

showing distribution of hog cholera, tuberculin testers and contagious 
abortion of cattle in Michigan. 
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Itt, Aadnwyneia ron COMnATING DIAWARIA, 
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Qhilnen plea, rabbite, rate 

y NATURAL AND ATUPTITOTAT, TOM intial, 

Natural Leucooylosdis, agelutination Ciaeroseople and mileroseople), 
Hineniolyala 

Artifielal: Antifoxine Caiphitherta and Cetaniead, Apparatiua for collecting 
material for dingnosia of diphitherta and typhotd fever, Hinallpox 
yaceiie, 

Hloe cholera seruin and virua, Terkefeld Ciifusortal earth) filler and 
Hitvation of loge eholerk viruea by gsuelion, PasteurClnmbertind filter 
(itelived poreelnin)y and Allvation of how cholera virtia by ale pressure, 
Hyriieesd for Tijecting seria and virdea, Photographa ahowine procera 
of sort manulaelure and method of uslige serum, 

Tuberoaulin, and how dt ie iaade, tyringe, chart, (thermometer and din 
jnfeetint, Preparation of autosenous vaceiner, 


Notion, The alables are not open to vistors, 


Vil, A ext Hook tn Raeteriology. -Taatructional work in) bacteri 
ology in the various aerieultirnl taatitutions of this country has been 
erontly tampered beentuse of the Tnek of a suitable Coxt-book for class 
work, Tloping fo G1 thin Tonpefelt want, and, at) the same time, to 
necupe ne muthoritative a work ae possible, the head of this department 
lin cooperated with nineteen other baelertologista of the United States 
nod Cynada, aa editor, tn the preparation of a text-book, The book 
In now dno patiey proof form, aad will probably be rendy for next yernr's 
Clinses, While considerable energy aid effort: thas been put forth in 
(he preparation of this book, we fully feel that this work will be on 
vrent benefit to aericultare ae viewed from the standpoint of mierobi 
ology, and we trust that th will serve as one of the fhetors in) building 
up the pedagogy of agrieultare, 

VIII, The Health of his Tnatitution. This year, the college has 
hoon visited Dy epidemics of severnt disenses, mimely, Titi ps, mensles, 
wourlet fever, chicken pox, and typhoid fever, None of these disenses rp 
poanved: before the middle of danuney, but sinee then they have been 
nore or loss constant with the exception of typhoid fever, At mo time, 
however, did) they gain sueh oa foothold as to materially interfere with 
the elise work oof the inatitution, This is probably owing to a per 
sintent effort in eliminating enses as fast os they appear, from the 
dormatoriog and rooming houses in the vieinity, As soon as a student 
in found Co have contraeted any contigious disease, he is at once isolated 
in our eottage hospitals, ‘he room is then fumigated. his system 
Works very nicely, unless walking oases appear, when the individual is 
hot aware that he has the disease, Tho sueh inatinees, the diseases are 
rondily seattered, Thin has been the ense this year, so far as mumps 
(Hd THOSTOSs Were concernod, 

Poouliue interest centers in the epidemie of typhoid fever, the tlest 
oan Of Which appenmred April first, On Marvel ttth, the Indy in charge 
Of Club DD stated over the Celephone that typhoid fever was suspeeted 
fo Oxint on one of Che farma furnishing milk to the Clab. he man liv 
Wy On The farm dented Che presenee of typhoid fever. Taasmueh as Chere 
Whe some stipretony the milk supply was immediately cut of The 
Water used by the family was analyeed by this laboratory, and eon 
demmed, bitte attention, however, was given to this matter by the 
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people on the farm until the second case appeared on the farm in April. 
However, there was no connection between the milk supply of Club 
Dy and the farm after March 11th. On April first, the first student 
came down with typhoid fever at the college, and was taken to the genera] 
hospital, Three or four others came down during the following week, 
and during the month the number reached thirteen in all. All of these 
had secured their meals at Club D with the exception of one. Seven 
of the thirteen were treated at the college hospitals; six were treated 
elnewhere, some having contracted the disease and as soon as ailing, 
went home, while others contracted the disease before their return 
from their vacation, Of the seven treated at the college, all recovered ; 
of the six treated elsewhere, in one place and another, three or fifty per 
cont died, 

This is in brief the history of the typhoid epidemic occurring during 
the months of March, April, and May the past year. Of course, we 
always have with us from time to time sporadic cases of typhoid fever 
Which are brought in, the disease having been contracted elsewhere. 

Miss Zae Northrup has kept a detailed statement of the other con- 
lipious diseases cared for at the cottage hospitals, and has submitted a 
report, which I now add: 


CONCERNING TH 1911 EPIDEMICS OF CONTAGIOUS DISEASES. 


About a week after the beginning of the winter term, contagious dis- 
cases appeared at the college, many new cases developing each suc- 
ceeding week of the term with seattering cases during the spring term. 

If the cottage system of isolation hospitals had not existed, this 
epidemic might have reached alarming proportions. There were several 
limes when the cottages were so overcrowded that it seemed as if no 
one else could possibly be admitted, but there oftentimes had to be 
room for one more, The cottages, which are provided with two wards 
comfortably housing only three patients each, many times contained 
fen or twelve patients. This extraordinary number of patients necessi- 
fated the buying of more beds and bedding and other permanent sup- 
plies, 

The plan has been pursued of keeping one kind of contagious disease 
confined to one hospital where possible; the mumps cases, however, were 
eo numerous this last winter that two cottages had to be used. 

The diseases in the order of their prevalence were mumps, measles, 
typhoid fever, searlet fever and chicken-pox, 

One hundred and eight cases, mostly students, have been cared for 
in the collage hospitals since the 12th of January, 74 of mumps, 25 of 
nestles, 4 of searlet fever, 8 of typhoid and 2 of chicken-pox. Ninety 
occurred during the winter term, an average of 9 new cases each week ; 
of these, 26 were short course men, 59 regular students, and 5 sub- 
faculty, Of the total number, 108, 183 were women. 

The 7 mumps patients spent a total of 777 days in the hospitals; 
2) measles patients, 288 days; 4 scarlet fever patients, 94 days. Alto- 
gether the 108 cases since January 12th have spent (to June 19th) a 
total of 1,883 days, or 3 years, 7 months and 28 days within hospital 
walls, 

At the rate of $5.00 per week for students, the income at the end 
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of the college year will approximate $975.00. The total amount paid 
nurses also approximates $975.00. In addition to this amount are the 
sums spent for food, medicines, disinfectants, laundry and miscellane- 
ous supplies which amounts are given below: 


Groceries and supplies (medicine) .............. $247 20 
IMIG ay ici Mise aie et de gtd!) A SS Sie i tees Ot ai 52 25 
Mills, cream, butter amd; 1COys;,. sald. enc preemiaels Grane 101 78 
SOR ALERT O MICROM ie a1. cs ce bes no Sous Robe Caen 75 48 
TSEUUUIN TIS adapter aps fila ohas ore 3S sable ue ene een a 133 47 
DigimPeCtamtsh ae ess os. ofsxcke ude op scenaet eer eT: 189 70 

MEM cla OA OTe ooh ca ice ctw eons Ge eR ERC $799 88 


to June 15th, 1911. This amount does not include the extra permanent 
supplies which had to be purchased, nor the extra labor for keeping the 
hospitals in running order, disinfecting rooms and clothing, obtaining 
supplies from the different sources, running the hand ambulance, etc. 
From these figures it will be noted that such an epidemic is a financial 
loss both to the college and to the student. 
ZAK NORTHRUP. 


i have no details to add regarding the general hospital in charge of 
Miss Ketchum, as nurse, but I can make this general statement: The 
general hospital has become a rendezvous for students suffering from 
temporary and light ailments who go there to convalesce. From time 
to time, serious cases are cared for which are not regarded as contagious. 

Dr. Bruegel, the health officer, Miss Northrup, Miss Goritz, Miss 
Ketchum, and Mr. Penner, all who have been so diligent in looking after 
the wants of the sick the past year deserve the greatest consideration 
and most heartfelt thanks, for one not familiar with the situation at 
such a time can scarcely appreciate the vast amount of work entailed. 

In addition to the handling of the diseases of patients, Miss North- 
rup has analyzed many samples of water throughout the year, simply 
as a safeguard to the student body. I now give the report of these water 
analyses which she has submitted. 


WATER ANALYSES. 


Since July 1st, 1910, many samples of water have been analyzed, 
from the college system, from the East Lansing city water supply, from 
the Chase-Angell system, and from miscellaneous sources. 

In these samples, only the bacteriological and chemical analyses nec- 
essary for establishing sewage pollution were undertaken. 

The average bacterial count per ce. for the college water was 21, the 
number ranging from 7 to 30; for the East Lansing city water, 175, 
the number ranging from 19 to 306 per cc., and the Chase-Angell water 
averaged about 125 per cc., ranging from 6 to 292 in the samples ana- 
lyzed. The bacterial count of well waters was very variable, ranging 
from 0 to 108,000 per ce., the average being 12,469 per ce. 

Only four wells were found to be contaminated and these were private 
water supplies. It was advised in each case that the use of this water 
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for any and all purposes be discontinued unless boiled. (This was not 
done immediately in all cases, which fact may account directly or 
indirectly for some of the sporadic cases of typhoid fever at the col- 
lege this past year.) 

ZAE NORTHRUP. 


IX. Serum and Culture Work of the Department.—While the serum 
and culture work strictly belongs within the province of college opera- 
tions, for various reasons the detailed report will be given in connec- 
tion with Experiment Station work. For details, therefore, of this work 
I refer the reader to the Experiment Station report of this department. 

This department has been exceedingly busy the past year, each member 
of the staff occupied really beyond his limitations. Industry has been 
in the atmosphere. The results have been most gratifying. This condi- 
tion of affairs, most pleasing to me, is due to that commendable spirit 
emanating from every member of the staff which makes for progress. 
My sincere gratitude, so far as I am personally concerned is due 
each, Dr. Otto Rahn, Dr. Ward Giltner, Charles W. Brown, W. A. Went- 
worth, Miss Zae Northrup, Miss Bell Farrand, Miss Lulu M. Smith, 
Miss Louise Rademacher, Warren 8S. Robbins, Miss Carolyn D. Goritz, 
and R. W. Penner. 

Very respectfully submitted, 
CHARLES E. MARSHAL, 
Professor of Bacteriology and Hygiene. 
East Lansing, Mich., June 30th, 1911. 


REPORT OF THE DEPARTMENT OF MATHEMATICS. 


President J. L. Snyder: 

Dear Sir:—I submit herewith my report as head of the Department 
of Mathematics for the college year 1910-1911. 

We have been so fortunate as to retain our regular teaching staff of 
the year before, and, in consequence, the work of the department has 
increased in efficiency. The following is a list of the members of 
the department in order of seniority of appointment: 

Warren Babcock, B. 8., Professor of Mathematics. 

M. F. Johnson, B. S., Instructor. 

IX. Crowe, B. A., Instructor. 
E. Robertson, B. 8., Instructor. 
E. Beighle, B. 8., Instructor. 
C. Emmons, B. 8., Instructor. 
. E. Hopphan, B. 8., Instructor. 
. A. Snepp, B. A., Instructor. 
H. Reece, B. S., Instructor. 

In addition to the above named, Mr. R. L. Nye taught four sections 
caring the winter term. 

Following appears a schedule of the class room work of the depart- 
ment arranged by terms: 


SHAS ES @ 


Class. 


Sub-fresh..... 
Sub-fresh..... 
Sub-fresh..... 
Sub-fresh..... 


Freshmen.... 
Freshmen.... 
Freshmen. ... 


Freshmen.... 
Freshmen.... 
Freshmen.... 
Freshmen... . 
Freshmen.... 


Freshmen.... 
Freshmen.... 
Freshmen... . 
Freshmen.... 
Freshmen... . 


Freshmen... 
Freshmen.... 
Freshmen.... 
Freshmen.... 
Freshmen... . 


Freshmen... . 
Freshmen.... 
Freshmen... . 
Freshmen... . 
Freshmen... . 


Freshmen... . 
Freshmen... . 
Freshmen.... 
Freshmen.:.. 


Freshmen... . 
Freshmen.... 
Sophomores... 
Sophomores... 


Sophomores... 
Sophomores... 
Sophomores... 
Sophomores... 


Subject. 


Ag. 


£ 
Anal. Geom.... 
Anal. Geom.... 


Anal. Geom.... 
Anal. Geom.... 
Anal. Geom.... 
Anal. Geom.... 


...| Math. 


_..| Math. 


_..| Math. 


7") Math: 
..-| Math: 
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Fall Term 1910. 


No. of course. 


.| Math. 


a5 1 
pe sl Mathes aear 
Seale Mathepleeve 

s rae aes 


..| Math. 


‘| Math. 


..| Math. 
Math. 
Math. 


..| Math. 
.| Math. 


Math. 


Instructor. 


Mr. Beighle....... 


Mr. Beighle.. . 
Mr. Robertson 
Mr. Robertson 


Prof. Babcock 
Mr. Reece.... 


. Hopphan . 
. Johnson. . 


Prof. Babcock 
Mr. Reece... . 


. Johnson. . 


..| Mr. Emmons...... 
.| Mr. Snepp.... 


. Robertson.... 


. Robertson... . 


. Johnson...... 
Prof. Babcock. .... 


Mr. Emmons...... 


Mr. Crowe.... 


Mr. Beighle....... 
Mr. Robertson.... 


Classroom. 


100 Ag. Hall...... 
100 Ag. Hall...... 
101 Ag. Hall...... 
101 Ag. Hall...... 
102 Ag. Hall...... 


8 College Hall... 
103 Ag. Hall. ..... 
2 College Hall... 
301 Eng. Hall..... 
8 College Hall... 


8 College Hall... 
102 Ag. Hall. 2... 
103 Ag. Hall...... 
103 Ag. Hall...... 

8 College Hall... 


2 College Hall... 
LOWAc Hallett 
8 College Hall... 
103 Ag. Hall...... 
103 Ag. Hall...... 


100 Ag. Hall...... 
100 Ag. Hall...... 

8 College Hall... 
301 Eng. Hall..... 
100 Ag. Hall...... 


2 College Hall... 


102 Ag. Hall 


102 Ag. Hall 


301 Eng. Hall..... 
301 Eng. Hall..... 
302 Eng. Hall..... 


401 Eng. Hall..... 
102 Ag. Hall...... 

8 College Hall... 
1O1¢A gC Halles 


101 Ag. Hall...-:- 
100 Ag. Hall...... 
2 College Hall... 
2 College Hall... 


8 College Hall... 
100 Ag. Hall..... 
101 Ag. Hall..... 


8:55- 9:50 
10:45-11:40 
10:45-11:40 
8:55- 9:50 
10:45-11:40 


2:30- 3:25 
8:55- 9:50 
9:50-10:45 
10:45-11:40 
8:55- 9:50 


9:50-10:45 
8:55- 9:50 
9:50-10:45 
12:40- 1:35 
12:40- 1:35 


8:00- 8:55 
1:35- 2:30 
8:00- 8:55 
1:35- 2:30 
9:50-10:45 


8:00- 8:55 
8:00- 8:55 
9:50-10:45 
12:40- 1:35 
3:25- 4:20 


12:40- 1:35 
9:50-10:45 
3:45- 4:20 
1:35- 2:30 


9:50-10:45 
10:45-11:40 
12:40- 1:35 
10:45-11:40 


10:45-11:40 
12:40- 1:35 
12:40- 1:35 
12:40- 1:35 


Cnen ere Cr OrOren Gen Or SOON Oren Ort Oren Orr Ore OOo Or ev or or or Cr Or Ordr or 


No. of 
students 
in class. 
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Spring Term 1911. 


: Hour No. of | No. of 

Class. Subject. No. of course. Instructor. Classroom, of hrs. per | students 
meeting. week. | in class. 

Sub-fresh..... Mensuration...... Math. 3....| Mr. Johnson...... 2 College Hall...| 8:55- 9:50 i 13 
Sub-fresh..... Mensuration...... Math. 3....| Mr. Emmons...... 8 College Hall...) 2:30- 3:25 5 18 
Sub-fresh..... Enz. Geom....... Math. 2c...| Mr. Crowe........ 8 College Hall...| 8.00- 8:55 5 12 
Sub-fresh..... Eng. Geom..... .| Math. 2c...| Mr. Crowe........ 8 College Hall...| 1:35- 2:30 5 16 
Sub-fresh..... Ag. and W. Geom .| Math. 2a...| Mr. Snepp........ 2 College Hall...| 1:35- 2:30 5 17 
Sub-fresh.... . Ag. and W. Geom.| Math. 2a...| Mr. Reece........ 103 Ag. Hall...... 1:35- 2:30 5 19 
Sub-fresh.... . Ag. and W. Geom.| Math. 2a...| Mr. Hopphan..... 101 Ag. Hall...... 1:35- 2:30 5 22 
Sub-fresh..... Ag. and W. Geom.| Math. 2a...} Mr. Beighle....... 8 College Hall...} 8:55- 9:50 5 19 
Freshmen..... Eng. Trig Math. 4b...) Mr. Emmons...... 2 College Hall...} 12:40- 1:35 5 19 
Freshmen....} Eng. Tri Math. 4b... 101 Ag. Hall...... 12:40- 1:35 5 15 
Freshmen....| Eng. Math. 4b... 8 College Hall...| 9:50-10:45 5 23 
Freshmen... .| Eng. Math. 4b... 103 Ag. Hall...... 12:40- 1:35 5 15 
Freshmen....| Eng. Math. 4b... 2 College Hall...| 8:00- 8:55 5 16 
Freshmen....| Eng. Math. 4b...| Mr. Snepp........ 2 College Hall...} 9:50-10:45 5 23 
Freshmen... .| Eng. Math. 4b...} Mr. Robertson... .| 100 Ag. Hall...... 9:50-10:45 5 23 
Freshmen....| Eng. Trig........ Math. 4b...| Mr. Johnson......| 2 College Hall...) 2:30- 3:25 5 19 
Freshmen....| Ag. Trig......... Math. 4a...| Mr. Robertson....| 100 Ag. Hall...... 8:00- 8:55 3 22 
Rreshimens <<) AG. Urls ca... e)e- Math. 4a...| Mr. Robertson....! 100 Ag. Hall...... 2:30- 3:25 3 20 
Hreshmenie-. a1. GAS) Lcles eee Math. 4a...| Mr. Hopphan.....} 101 Ag. Hall...... 8:00- 8:55 3 21 
Rreshmen= a.o) Age Trigcas sane Math. 4a...| Mr. Hopphan.....| 101 Ag. Hall...... 9:50-10:45 3 16 
Rreshmen? crac AG ubries jerry cie=t3 Math. 4a...| Mr. Beighle....... 100 Ag. Hall...... 1:35- 2:30 3 26 
Freshmen....| Ag. Trig..........| Math. 4a...|] Mr. Beighle....... TOQVAGs Halle cn. 2:30- 3:25 3 20 
Sophomores...| Calculus.......... Math. 6b...| Prof. Babcock..... 2 College Hall...| 10:45-11:40 5 19 
Sophomores...| Calculus.......... Math. 6b...) Mr. Emmons...... 8 College Hall...| 10:45-11:40 5 18 
Sophomores...} Calculus.......... Math. 6b...| Mr. Johnson...... 100 Ag. Hall...... 10:45-11:40 5 20 
Sophomores...| Calculus.......... Math. 6b...; Mr. Robertson....} 100 Ag. Hall...... 12:40- 1:35 5 18 
Sophomores...) Calculus.... ..... Math. 6b...| Mr. Crowe........ 8 College Hall...| 12:40- 1:35 5 18 
Sophomores...| Calculus.......... Math. 6b....| Mr. Beighle....... 102 Ag. Hall...... 12:40- 1:35 5 18 
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Winter Term 1911. 


| Hour No. of | No. of 

Class. Subject. No. of course. Instructor. Classroom. of hrs. per | students 
meeting. week. | in class. 

Sub-fresh..... ine Al gee ae Math. 1d...| Mr. Hopphan..... 100 Ag. Hall...... 10:45-11:40 | 5 24 
Sub-fresh..... Du tw eee oboe Maths dies nlevirsiNveleeeme se. 2 College Hall...| 8:00- 8:55 5 16 
Sub-fresh..... Eng. Geom....... Math 22) 3. MrReece. 0...) 103 Ag. Hall...... 1:35- 2:30 3 19 
Sub-fresh.....| Eng. Geom....... Math. 2:...| Mr. Snepp.......- 102 Ag: Hall...... 1:35- 2:30 | 3 21 
Sub-fresh..... Ag. and Wm. Alg..| Moth. la...| Mr. Robertson....) 100 Ag. Hall.....- 8:55- 9:50 5 19 

| 

Sub-fresh..... Ag. and Wm. Alg..| Math. la...| Mr. Nye.......... LOMA galls ea). 10:45-11:40 5 17 
Sub-fresh.....}| Ag. and Wm. Alg..|; Math. la...) Mr. Beighle....... 301 Eng. Hall..... 9:50-10:45 5 16 
Sub-fresh..... Ag. and Wm. Alg..| Math. la...) Mr. Reece 8 College Hall...) 9:50-10:45 5 | 14 
Sub-fresh.....}| Ag. and Wm. Alg..| Math. la...| Mr. Reece. . Be 8 College Hall...| 10:45-11:40 5 17 
Freshmen....| Eng. Alg......... Math. 1f ...) Mr. Reece........ JO3pAg Hallaeneer 2:30- 3:25 5 16 
Freshmen....} Eng. Alg Math. lf.... AOUAe Halles 9:50-10:45 5 18 
Freshmen....| Eng. Alg. Math. If.... 109 Eng. Hall..... 12:40- 1:35 5 21 
Freshmen....| Eng. Alg. oes AMA tS lhenees ee 2 College Hall ..| 9:50-10:45 5 21 
Freshmen... .} Eng. Alg. -| Math. 1f....| Mr. Hopphan..... 2 College Hall ..) 8:55- 9:50 5 20 
Freshmen....| Eng. Alg Math. 1f....| Mr. Hopphan..... 100 Ag. Hall...... 12:40- 1:35 5 20 
Freshmen....| Eng. Alg......... Math. 1f....| Mr. Snepp........ 102 Ag. Hall...... 9:50-10:45 5 18 
Freshmen..../ Eng. Alg......... Math. 1f....| Mr. Snepp........ 102 Ag. Hall...... 12:40- 1:35 5 21 
Freshmen....| Ag. and Wm. Alg..| Math. 2b...| Mr. Snepp........ 102 Ag. Hall...... 10:45-11:40 5 18 
Freshmen....| Ag. and Wm. Alg..} Math. 2b...| Mr. Hopphan.....| 109 Eng. Hall.....| 1:35- 2:30 5 14 
Freshmen..... Ag. and Wm. Alg..| Math. 2b...) Mr. Beighle....... 2 College Hall...| 1:35- 2:30 5 16 
Freshmen... .| Ag. and Wm. Alg..| Math. 2b...| Mr. Beighle....... 2 College Hall...| 2:30- 3:25 5 20 
Freshmen....| Ag. and Wm. Alg..| Math. 2b...| Mr. Robertson....| 100 Ag. Hall...... 9:50-10:45 5 19 
Freshmen....| Ag. and Wm. Alg..} Math. 2b...| Mr. Robertson....| 213 Eng. Hall.....| 10:45-11:40 5 17 
Freshmen....| Ag. and Wm. Alg..} Math. 2b...| Mr. Johnson...... 8 College Hall...| 8:00- 8:55 5 19 
Freshmen....| Ag. and Wm. Alg..! Math. 2b...| Mr. Johnson...... LOS 7Ags Halle 9:50-10:45 5 21 
Freshmen. ...| Ag. and Wm. Alg..| Math. 2b...| Mr. Johnson ..... 103 Ag. Hall... ... 10:45-11:40 5 18 
Freshmen....| Ag. and Wm. Alg..| Math. 2b. .| Mr. Emmons.... .| 100 Ag. Hall...... 8:00- 8:55 5 18 
Freshmen....| Ag. and Wm. Alg..| Math. 2b...| Mr. Crowe........ 100 Ag. Hall-..... 1:35- 2:30 5 14 
Freshmen . ...| Ag. and Wm. Alg..| Math. 2b...| Mr. Crowe........ LOOVAg Halles ss 2:30- 3:25 5 19 
Sophomores...} Calculus.......... Math. 6a...| Mr. Crowe.......- 302 Eng. Hall..... 10:45-11:40 5 20 
Sophomores. eal @@alcnliisece qe -ek Math. 6a...) Mr. Emmons......| 2h. Hall...... 10:45-11:40 Dd 21 
Sophomores...| Caleulus.......... Math. 6a...| Mr. Emmons...... 2Ch. Hall...... 12:40- 1:35 5 19 
Sophomores. .. (Calcultseeseeeeeee Math. 6a...| Mr. Johnson...... SiChiralleeeer 12:40- 1:35 5 20 
Sophomores...| Calculus.......... Math. 6a...| Mr. Robertson....| 103 Ag. Hall...... 12:40- 1:35 ii 19 
Sophomores...} Calculus.......... Math. 6a...| Mr. Beighle....... 301 Eng. Hall..... 10:45-11:40 5 19 
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The fact that there is such a disparity in the amount of class room 
work in the several terms greatly complicates the problem of providing 
instruction. 

During the year the department gave 383 special examinations in- 
cluding 133 in entrance subjects. 

Respectfully submitted, 
WARREN BABCOCK, 
Professor of Mathematics. 
East Lansing, Mich., June 30, 1911. 


REPORT OF THE DEPARTMENT OF BOTANY. 


President J. L. Snyder: 

I have the honor to submit herewith my report as Professor of Botany 
for the year ending June 30, 1911. 

The botanical staff consists, at present, of the following persons: 
Professor, Ernst A. Bessey, Assistant Professor, Richard de Zeeuw, In- 
structors, Rose M. Taylor, Bertha F. Thompson, Ruth F. Allen. In ad- 
dition to these the Research Assistant in Plant Physiology and the 
Research Assistant in Plant Pathology of the Experiment Station, re- 
spectively William H. Brown and George H. Coons, devote one-fourth 
of their time to instruction in the botanical department in their re- 
spective subjects. 

The number of students enrolled in the department is as 
follows: Fall term, 356; winter term, 384; spring term, 404; total 1,144 
students, of whom 1,021 were enrolled for required and 123 for elective 
work. In addition to these, 46 short course students took the course 
on fruit diseases, making a grand total enrollment of 1,190. 

The new part of the building, which was occupied with temporary 
tables during the spring term last year, was used regularly this year. 
Freshman and sophomore classes occupied rooms 14, 15 and 17, while 
rooms 14 and 16 were also used for some of the more advanced classes. 
In the old building, room 8 was used for freshmen and sophomores, as 
well as for advanced classes. The lecture room was used only for lec- 
tures, not as a laboratory, being totally unsuited for the latter. This 
spring, room 16 in the new part had to be given up to the Experiment 
Station botanists as the room previously occupied by them was too small. 
The north half of room 6 in the old building was partitioned off as an 
office for the professor, the room formerly occupied for this purpose 
having been too small for years to accommodate books, laboratory table, 
ete. This room has been given to the assistant professor. 

During the year the whole building was piped for gas while the elec- 
tric lighting has been made more modern. 

The laboratory desks and chairs ordered last spring were received 
and installed during the winter. Those tables used for work with micro- 
scopes were equipped with inverted Welsbach lamps. All tables were 
provided with Bunsen burners or with other gas connections. The tables 
in the physiological laboratory were provided with both water and gas. 
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During the year a number of compound microscopes were purchased, 
so that, at present, there are three laboratories equipped with twenty- 
five compound microscopes each and one with twenty-four. During 
some periods of the day all four laboratories are in use. However, it 
does not seem probable that another large laboratory will have to be 
equipped for a year or two. The more advanced students, however, need 
to have a small laboratory equipped inasmuch as it is becoming more 
and more difficult to arrange free time when they can use the other 
laboratories. 

The greenhouse, of which only the outer part was finished at the 
beginning of the year, has been completed. It has been provided with 
reinforced cement benches and a large cement tank for growing water 
plants. 

In equipping the laboratories, much remains still to be done in the 
way of procuring apparatus for the physiological and pathological labora- 
tories. 

The herbarium room is crowded to overflowing and it will be necessary 
this summer to provide for an extension of the herbarium into the ad- 
joining room. The latter is, unfortunately, not fireproof but it is hoped 
that some day, this can be vaulted in and made fireproof in the same 
manner as was done for the present herbarium room. Several hundred 
plants have been added this past year. Plans are under way for the 
segregation of Michigan plants from others in order that the Michigan 
herbarium may be made more easily available, comprising as it does, one 
of the best, if not the best, collection of Michigan plants in existence. 

The Botanical Garden has “marked time” since Dr. Beal’s departure 
as my time has been chiefly occupied in teaching work and in get- 
ting the department under way. However, a weed garden has been pro- 
vided, exhibiting the sixteen weeds mentioned in the Pure Seed Law 
as well as about fifty others common in Michigan. It is intended to 
extend this from time to time as weeds become better known. A garden 
of poisonous plants is planned with special reference to the course in 
poisonous plants given in connection with the veterinary course. 

In the basement of the Botanical Building are several cords of tinder- 
dry logs, being specimens of trees accumulated by my predecessor while 
he taught the subjects of botany and forestry. It is highly desirable 
that these be disposed of as their presence is a menace to the safety of 
the building. Should they once catch on fire, it would be useless to at- 
tempt to save any part of the old building and unless the wind was 
favorable, to save the new building would be a difficult task. I call 
this to your attention in the hope that you may be able to assist the 
Forester to find a storage place other that that now occupied by them, 
for such of these specimens as have interest from the standpoint of for- 
estry. If no such place can be found, I would recommend that I be 
permitted to remove them from the building on account of the danger 
incurred by allowing them to remain. 

Respectfully submitted, 
ERNST A. BESSEY, 
Professor of Botany. 
East Lansing, Mich., June 30th, 1911. 


DEPARTMENT REPORTS. 95 


REPORT OF THE CHEMICAL DEPARTMENT. 


President J. L. Snyder, Michigan Agricultural College: 
Dear Sir:—I herewith submit the usual annual report of the work 
of the Chemical Department for the year 1910-1911: 


No. 
Fall term, 1910. prdertat Total. 
General chemistry: | 
Engineering students (freshmen). .... . ae ey eee OL SS Re oA WES. Oh ARE 178 | 
Arricultaral students (treshmen) sac «522s sete. scl pee ce ean asec een eT OA 155 
Women (sophomores)............--.---+:: Ree ene) | AAEM, SNR EDR ARM STN oe 46 379 
Organic chemistry: 
yVara Ul tite [Sina G TAM (Stay We TS) bs ee Gen Dome Gednc aoe Get peace dade oes “dheeo cue: 3 gene 120 120 
| aes uae 
Rabel ee tetas terre ree es cae eee Ae aes ONES es TRO oe eines asters eens (pokes 499 
fe Ny | 
Winter Term, 1911. | rots | Total. 
Minera lopy tresiimern Eng MCLs) sane meccrs excelsis sale: oe ela eve wont Sdielais eae eels € 156 
Qualitative Analysis (agricultural men) (freshmen) 145 
Qualitative Analysis (women sophomores).........-.0+-20cseececeeecececeeceeesees 46 
Aoricultiral Ghemystry) (Jr) ana SNe VAgS: nce sac aacciecie es nesses sale Setcatnisnwcire sche Gems saan 63 
Iie mag (Citar ital Celt) One #5 Saas BEB OG arr BC AAC LOE rn THGie Dir oe AES CDR o a dad ote eneen 12 
Advanced sbnpmeering Chemistry; (S08). 00. ores eealecem oa cian einen ene Cen name ees ceeceene } 23 
| 
SMa eal ete ee Spear a eres Sereys Cease raya oy ors arate ban aces eeref Ree enatshe cos a hero tered eon fo) Sas Seed So tama a et 445 
| 
Spring Term, 1911 No. Total 
. i students. r 
Rugmeermpe Chemistry: Arestimen) sas thos aie -fo se oPaicotctelsine eieisrelere oo ciek eo oiats 2 eine eiclowtralepto eles oaitae ee 146 
Oreanie Chemistry, (women SOpHOMOFes) ssc sees cleric csi Fe esis cee oie orelereiewintasne Se cies bows nels 46 
Animal Nutrition ee Cagtiitaite if [niGher| sO ernest ae An aCGn ACES BeOS nora tact ont aceite Eee 15 
PIOMUES AC SCCM CE) CHEMISte yy CON, WONIEL)) sores 2, «/9) <Ir 2's) cooiessyatalers e civie fe «lo /ayrveie fate se wislaierste olaieca(einyns ratarese%e 10 
Gra LIEAGIVE TA MALVRIS ee ois ee ae eee ae me ee ete eo ae wisi one oreteaveiataTa ny dterwie laare eie/e alle taisiaswine 11 
Total 


Soot 2B eee Hectic ook CORRE nae nA sate See COOOL CE Non Ge COLOR renee erie ren) ei rae ae 228 


The schedule printed above shows the amount of class and 
laboratory work done during the year together with the number of 
students who registered for the work. 

In the required subjects the number of students is but little greater 
than we have usually had to handle during the college year. I found 
the freshmen class entering in the fall to be made up of the best pre- 
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pared men that have ever entered the department. This is doubtless 
due to the steady pressure brought to bear by the college to induce 
students to either complete their high school work before entering 
M. A. C. or to be at least as well grounded in English, mathematics 
and elementary science as are our graduates from Michigan high 
schools. 

In the elective courses the class in Agricultural Chemistry was the 
largest ever assembled at this college. The number of juniors and 
seniors registering for this subject being 63,—an increase of 30 per cent. 
over any other class electing the subject. This increase in the number 
of students taking elective work necessitated the omission of our part 
of the usual course of lectures given to the special short course 
students during the winter term. 

A class of 40 senior engineering students elected the subject of Ad- 
vanced Engineering Chemistry for the winter term, but we were obliged 
on account of lack of space to accept but 24 of these men. Fortunately 
for our future outlook in this matter the Board in Dec., 1910, author- 
ized the preparation of plans for a substantial addition to the present 
laboratory building. Accompanied by Architect E. A. Bowd I visited 
the laboratories at the University of Michigan and Illinois. Plans were 
then prepared and submitted to the Board which were accepted and 
an addition to.the present laboratory building which will increase its 
available space nearly 50 per cent. is now under way. The completion 
of this building, which I have every reason to hope will be brought 
about by the opening of the fall term, 1911, provides such increase of 
both laboratory and lecture room space that the work of instruction will 
be much more easily accomplished. 

It is perhaps worthy of note that the first part of the present Chemi- 
cal Laboratory was built in the year 1871; the south wing was next 
added in 1881, and the east wing now under construction in 1911. 

In closing I wish to acknowledge the hearty cooperation of my staff 
for the past year composed as follows: 

H. S. Reed, Assistant Professor. 

A. J. Clark, Assistant Professor. 

W. H. Parker, Instructor. 

M. L. Tower, Instructor. 

C. M. Hargrave, Instructor. 

H. M. Potter, Instructor. 

In. A. Goodhue, Clerk and Stenographer. 

Geo. Churchill, Caretaker. 


Respectfully submitted, 
FRANK S. KEDZIE, 
Professor of Chemistry. 


fast Lansing, Mich., June 30th, 1911. 
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REPORT OF THE DEPARTMENT OF ENTOMOLOGY. 


President J. L. Snyder: 

Dear Sir:—Following is a brief report of the work of the Department 
of Entomology for the year ending June 30th, 1911. 

Six regular courses in entomology have been given during the year, 
course V being given through the entire year. Besides this, two courses 
were given to short course students during the winter term. This in 
reality makes ten courses. 

Trips were made to Hillsdale and to Hudson to address meetings 
held at the high schools in connection with the agricultural work of 
the schools. 

The work of the year requires very little comment. Good-sized classes 
were registered in all of the courses, and little has occurred to break 
the even continuity of the work. 

The force has remained the same. Miss Eugenia McDaniel devotes 
half her time to the college work and the writer gives a like amount. 
Dr. Geo. D. Shafer has very willingly responded in time of need, and 
helped out in emergencies, and Mr. P. W. Mason, a senior student-as- 
sistant helped out in the large laboratory sections. 

A good deal of material has been collected and much has been bred 
for demonstration work and for the collection, although our force has 
been so regularly devoted to teaching that little material could be 
closed into the collection. 

The year has passed pleasantly, the quarters are ample, and comfort- 
able, and the work agreeable. 

Respectfully submitted, 
RoE PETE: 
Professor of Entomology. 
East Lansing, Mich., June 30th, 1911. 


REPORT OF THE DEPARTMENT OF ZOOLOGY AND PHYSI- 
OLOGY. 


To the President: 

Sir:—I have the honor to submit the following report of the Depart- 
ment of Zoology and Physiology, and the General Museum, for the 
year ending June 30, 1911: 

With minor exceptions, the teaching staff of the department has been 
the same as last year; namely, Assistant Professor Jesse J. Myers, and 
Instructors Benjamin B. Roseboom, Frederick A. Burt, and Harold 8S. 
Osler. Mr. J. L. Whitney, who was student-assistant in the spring of 
1910, dropped out at the end of the year and was replaced in the fall 
by Robert J. Baldwin of the class of 1904. On the first of January, 

13 
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however, Mr. Baldwin was transferred to Dean Shaw’s office and in his 
place the department secured Mr. Oscar B. Park, a graduate of James 
Milikin University, Lincoln, Ill. Mr. Park was engaged only for six 
months and was released on June 30. Since the number of students and 
classes continues to increase it will be necessary to employ at least one 
additional instructor and perhaps two for the coming year. 

As in former years, it is a pleasure to acknowledge the hearty co- 
operation and efficient work of the entire corps of instructors, and this 
despite a larger number of teaching hours and more constant demand 
upon the instructor than in most departments of the college. Aside 
from the regular recitation and lecture work, all classes have a large 
amount of laboratory work which involves careful preparation, often 
weeks in advance, so that instructors are kept busy at all times in col- 
lecting and preparing this material. If by any chance one should have 
leisure, there is always an abundance of work in connection with the 
general museum which of late years has been necessarily more or less 
neglected because of the pressure of class work. The following table 
shows the number of classes, section, students, and instructors each 
term in the year: 


Schedule of Classes for 1910-1911. 


Term. Subject. Course. Class. Pane eae Instructors. 
allée | GeolMilasc-e-acte ADT ASH OL ectere Sopher 114 4 | Barrows, Burt, Osler. 
Fall. tear DEEN Es a Agr Morne ceret Jun.-Sen.... Deny 2 Eons Burt. 
Fall eee Anat. 1b. ited Home Econ..,..| Soph...... 45 2 | Myers, Roseboom. 
Fall ....| Phys. Geog. la..| Agr., For., ven Sub.-Fresh.. 60 | 4 | Myers, Osler, Baldwin. 
Halleee er Phys. Geog. 1b..| Home Econ..... | Sub.-Fresh.. 16 2 | Myers. 
Wianters..|)Ziooleizay ioc Agr: Hore: cele Jun.-Sen.... 25 2 Nas 
Winter. . LOOle2b ater Home Econ..... Jun.-Sen.... 4 1 | Batons, pelacaecsaie oe vi 
Winter..| Anatomy la....| Agr., For....... Sophi..jas2* 119 4 | Myers, Roseboom, Osler, Park, Burt. 
Winter. .| Physiology 2....| Veterinary...... So) 0) | ig 5 1 | Myers. 
Winter. .| Geol. 1b........ Home Econ..... Soph... =. 45 2 ae Burt, Osler. 
Spring...) Zoology la..... | Agre Horne scree Fresh. ...-. ae 6 [ar Myers, Roseboom, Burt, Osler, 
Spring...| Zoology 1b..... Home Econ..... Fresh...... 91 4 Park. 
Shae Zoology 3a..... ) Naa Xo eeooace Jun.-Sen. a ; 37 3 | Barrows, Myers, Osler. 
Spring... Zoology 3b..... | Home Econ..... Jun.-Sen.... dase 2 “Barrows, Myers, Osler. 
Spring...| Physiology 2....| Veterinary......| Soph....... 5 1 | Myers. 

PLO GALS | cajaroitets wraiers Mister ctelllosereicerestersteleretoracers | ckerecae taxis svar 759 40 


The foregoing statement of classes is very similar to that given last 


year, but one new class has been added; namely, physiology 2, made 
necessary by the opening of the veterinary department and the enroll- 
ment of a small class in veterinary physiology. This course will con- 
sist of three consecutive terms and will be given with the aid of all 
proper apparatus and material. In connection with the new course of 


i ‘ DEPARTMENT REPORTS. 99 


study for the agricultural and forestry departments, some changes will 
be made in the work of this division, but they do not become operative 
until next year. <A new elective in zoology will be offered, zoology 4 
(vertebrate zoology), and an advanced course in human physiology will 
be instituted for the home economics department. 

Little has been done by the department during the past year in the 

way of College Extension work, for the reason that from the opening of 
college in September until its close in June every member of the depart- 
ment is fully occupied with class work. The large increase in the 
number of our graduates, many of whom become teachers, and the gen- 
eral development of interest in nature study throughout the state brings 
to the department hundreds of inquiries each year in regard to text 
books, laboratory methods, specimens for class use, and inquiries as to 
reference books and other means for the determination of specimens. 
We also receive yearly a large number of samples of sands, clays, marls, 
ores, building stones, ete., with requests for examination, analysis, or 
advice as to development and use. Some of these requests are neces- 
sarily referred to the State Geologist, but in most cases they can be 
attended to in our own department. The demand from teachers for 
some guide in the study of birds has been general and insistent for 
several years past, and hence at the request of the Superintendent of 
Public Instruction, Hon. Luther L. Wright, the writer prepared in Jan- 
uary a little bulletin describing seventy-five common birds of the state 
which was issued in the spring as Bulletin Number 37 of the Depart- 
ment of Public Instruction and has just been republished as one sec- 
tion of the larger bulletin of the same department known as “Michigan 
Special Days.” This paper consisted of thirty-five pages of printed mat- 
ter with a few half-tones and two colored plates obtained from the 
National Committee of Audubon Societies. This little bulletin, dis- 
tributed solely through the Department of Public Instruction, must not 
be confounded with the larger work on Michigan Birds which the writer 
has had in preparation for several years past and which has just been 
completed, but has not yet gone to the printer. This book, for it can 
hardly be described as a bulletin, consists of something over one thou- 
sand typewritten pages and comprises full descriptions of about three 
hundred and thirty spec ies of Michigan birds, together with critical 
notes on all other species which have been attributed to the state, the 
whole systematically arranged and provided with artificial keys for the 
determination of specimens, and preceded by a general introduction de- 
scribing the topography and climate of the state in so far as it in- 
fluences bird life and bird distribution. In addition the volume con- 
tains seventy full page plates and one hundred and fifty-two text figures. 
It is hoped that the college can provide at once for its printing, in 
which case it can doubtless be issued soon after the appearance of the 
present report. 


GENERAL MUSEUM. 


The general museum was given somewhat extended mention in last 
year’s report and little more need be said this year, since there have been 
few changes of importance. Numerous small but welcome accessions 
have been made, but the crowded condition of the main hall and the 
lack of time and assistance have prevented the arrangement and dis- 
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play of most of these. The Broas collection of Michigan birds and 
the Bullock collection of Chilian birds and mammals have excited much 
interest, but both collections should be better displayed, especially the 
Broas collection, of which less than one-quarter is now on exhibition. 
During the coming year it is intended to provide the entire zoological and 
mineralogical collections of the museum with printed labels of uniform 
size and appearance, a plan which will increase the attractiveness and 
efficiency of the museum very greatly. As stated in previous reports, 
one of the strongest needs of the department, and in my opinion of 
the college, is a new and spacious building which shall accommodate 
the entire natural history collections and at the same time provide lec- 
ture rooms, recitation rooms and laboratories for all the classes which 
fall to this department and which are now very inadequately provided 
for. With such a building our general museum might easily rank as 
the first in the state. 
Respectfully submitted, 
WALTER B. BARROWS, 
Prof. of Zoology and Physiology, and 
Curator of General Museum. 
East Lansing, Mich., June 30, 1911. 


REPORT OF THE DEPARTMENT OF ENGLISH AND MODERN 
LANGUAGES. 


President J. lL. Snyder: 
Dear Sir:—In the Department of English and Modern Languages 
during the year 1910-1911 the enroliment of students was as follows: 


English. German. French. Total. 
LE | Beige y eae nea ie 1,498 136 39 1,673 
Wimniters 424 eo cient 1,491 179 35 1,705 
Smo. Aneesh 1,085 138 28 1,251 


The average enrollment per term has been 1,543 against 1,632 during 
the preceding year. 

The average cost of instruction per student in the department dur- 
ing the year has been $7.55, or $.60 more than during the year 1909- 
1910. 

The work of the department during the year has been done by one 
professor, one assistant professor, and ten instructors. Five of the in- 
structors, Messrs. Mayne, Pyke, Penney, Fischer and VonTungeln, came 
to us at the beginning of the year, taking places made vacant by 
the resignation of Messrs. Sloat, Williamson, Wuebker, Stott and Fish. 
Four of the instructors who left us a year ago went to places paying 
them larger salaries than we paid them; one man almost doubling his 
salary. The fifth man went to a university to continue his graduate 
work. The average salary paid to instructors during the present year 
has been $825.00, or $40.00 more than during the year 1909-1910. 
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In view of the fact that five out of the twelve members of the depart- 
ment were new to the work, I feel that the department has had an un- 
usually successful year. The friction caused during the preceding year 
by two or three drastic regulations relative to the work of students has 
entirely passed away. The students see that these regulations are for 
their own good, and without dissent have come into harmony with 
them. The result is that many students are acquiring an accuracy in 
writing, spelling, etc., which otherwise they would not have acquired. 

Again this year certain work in letter writing was presented to a 
large number of short course men by the department. I believe that 
this is as profitable as any work that is done by the department. Per- 
haps it would be a good thing if more time could be given to this work 
and a larger number of the short course men could have an opportunity 
to profit by it. 

For the first time our students have taken part in an inter-collegiate 
debate with Alma. On April 28th the two teams met at our armory 
and debated the question, “Resolved, That the Federal Government 
should retain ownership and control of all coal lands now in its pos- 
session, or hereafter acquired.” Our team, made up of Messrs. G. H. 
Collingwood, G. H. Myers, and J. D. Fletcher, took the negative side 
of the question and were so fortunate as to secure a decision in their 
favor. Mr. Collingwood is a senior forestry student, Mr. Myers a sopho- 
more engineering student, and Mr. Fletcher a sophomore forestry student. 
The judges were Messrs. Lawton T. Hemans, Mason; W. G. Coburn, Battle 
Creek, and E. C. Shields, Howell, and to them I wish to express the 
thanks of the college and the department for their willingness to serve 
us in’ this way. On May 6th, Messrs. C. C. Wilcox, G. H. Collingwood, 
and Isaac Margolis, debated the same question at Ypsilanti in our 
annual debate with the State Normal College. On this occasion our 
team defended the affirmative. The debate, however, was won by the 
Normal College team. In this debate Mr. Collingwood took the place 
of Mr. R. W. Powell, who because of illness was unable to occupy his 
place on the team. Mr. Margolis is an agricultural freshman and Mr. 
Wilcox a sophomore engineer. 

These men secured their places on the team by going through a series 
of preliminary debates, which were participated in by a large number 
of students. 

The annual oratorical contest was won by Mr. K. D. Van Wagenen. 
He consequently represented the college in the State Contest, and won 
second place on the contest, the highest place that has been won by this 
college for a number of years. 

For the first time an oratorical contest, open only to freshmen, was 
held during the year. This was participated in by six contestants, first 
place being won by Mr. Robert J. McCarthy, and second place by Mr. 
Edwin J, Smith. Later in the year our third annual sophomore oration 
contest was held. In this contest nine men took part, first place being 
won by Mr. Wendt and second place by Mr. Smith. The Peace Oration 
Contest was participated in by six men, first place being won by Mr. 
EK. C. Douglas, and second place by Mr. K. M. Klinger. Mr. Douglas 
therefore represented the college at the State Peace Contest, which was 
held at Hillsdale. This contest will be held with us next year. 
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That five so widely divergent subjects as literature, composition, pub- 
lic speaking, German, and French should be brought together under one 
department is an anomaly in an institution of his size. This no doubt 
was warranted in the early days of the college when its number of 
students was small and its number of instructors in proportion. In many 
institutions of this size each of these subjects is a department in itself. 
Such a division in this institution would perhaps be unwise. I feel, 
however, that the time has come for the modern languages to be made 
a separate department. The number of students studying German and 
French is such as to warrant this, and I am satisfied that the work in 
English, as well as the work in modern language, would be done better 
if each were entirely separate. Let me urge upon you the advisability 
of giving this matter careful attention and of inaugurating a new de- 
partment of modern languages at an early date. 

In view of the fact that the college is to be without an adequate 
auditorium for another four years, and in view of the further fact 
that the sentiment among the older alumni is such as to make improb- 
able the tearing down of College Hall, I feel that this building should 
without delay receive the careful attention of yourself and of the State 
Board. In some way the southwest corner of the building should be 
repaired or should be rebuilt. We cannot afford to risk the lives of 
students, as perhaps we have been doing in holding classes in the build- 
ing in its present condition. Perhaps it is perfectly safe, but at times 
this seems very doubtful. A new roof should be put on the building 
and its interior should be largely renewed. The putty in the window 
frames has been there so long that panes of glass are constantly falling 
out. The sinking of the building at the corner above mentioned has 
caused the window frames to be very loose, and in some instances not 
to fit in any way. The steam heating equipment was probably the first 
installed in the college. It was crude in the beginning, and with the 
passing of the years the pipes have become so rusty that it is almost 
a weekly occurrence in cold weather for the plumbers to drive out 
classes in order to install new pipes. The class rooms should be replas- 
tered, new blackboards should be installed, and modern class room 
furniture should take the place of the benches, some of which must date 
back almost to the beginning of the college. The stairways are very 
steep and should be replaced by easier stairways if the building is to 
continue to be used for recitation purposes. The treads are all but 
worn through in places, and new treads are an absolute necessity un- 
less a new stairway is built. The chapel is in every way unattractive. 
I feel that it should be remodeled inside and should be fitted up with 
permanent opera chairs. Too much space is given to the platform. 
It would be easily possible to arrange it so that with semi-circular rows 
of seats it could seat fifty or sixty more than it now seats. The sani- 
tary conveniences in the building are entirely inadequate and unsatis- 
factory and should be replaced by full modern equipment. In like 
manner the electric wiring of the building should be made to conform 
to modern standards. 

Further, some arrangement should be made for chairs to be left 
constantly at the armory for use there. This department struggles con- 
tinually against the lack of interest in public speaking and the vari- 
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ous contests that accompany it. Is it fair to ask the students when 
an oratorical contest or a debate is to be held to pay for the transporta- 
tion of seats from one part of the campus to another, in order that the 
armory may be used? This has been the custom in the past. It would 
become entirely unnecessary if seats could be left at the armory for 
use at any time. 

The department lacks entirely a place for satisfactory presentation of 
dramatic work of any kind and of course has no place for rehearsals 
in work of this sort. At a comparatively small expense it would be 
possible to install a permanent stage as an addition to the east end 
of the armory. This would take nothing from the present floor space 
of the armory, and along with seats left in the armory for use at any 
time, would go far toward providing an auditorium which would suffice 
until we can have the one which we unfortunately failed to secure this 
year. 

I trust that these recommendations may receive attention, both for 
the sake of this department and for the good of the college at large. 

I wish to thank you and the State Board for the constant encourage- 
ment and help given to the department during the year. In a technical 
institution it is not easy to maintain the interest of the students in 
work such as we present. If this department is to have success it must 
have at the same time such support as you have given it in the past 
and such as has been given to it by the faculty in general. I court 
for the department a continuation and an increase of interest from the 
other departments in the college. 

Respectfully yours, 
THOS. C. BLAISDELL, 
Professor of English and Modern Languages. 
Kast Lansing, Mich., June 30, 1911. 
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REPORT OF THE DEPARTMENT OF HISTORY AND ECONOMICS. 


President J. L. Snyder: 

Sir:—I have the honor of submitting the following report concern- 
ing the work of the department for the year 1910-11: 

The total number of enrollments in the department for the year 
equalled 1,798, distributed as follows: 

By terms, fall, 498; winter, 704; spring, 596. 

By classes, sub-freshmen, 138; freshmen, 755; sophomores, 379; 
juniors, 301 and seniors, 192. 

By subjects, History, 894; Economics, 731, and Political Science, 138. 

The total number of hours taught during the year by members of 
the department were 2,904, divided among the three terms as follows: 

Fall term, 871; winter term, 1,032; spring term, 1,001. 

By subjects the number of recitation hours during the year equalled, 
History, 1,625; Economics, 1,309; Political Science, 190. 

The distribution of class work to the various members of the depart- 
ment, together with the nature of the work performed by each, may be 
gathered from the subjoined table. 


Hours Number 
Teacher. Term. Subject. per Students. of 

week, students. 
Mr. Hedrick........ Fall. .....| Economics 4a....... 7 | Junior and Senior Agr., H. E., Forestry........ 39 
Mr. Hedrick........ Fall......| Economics 4a....... 7 | Junior and Senior, Agr., H. E., Forestry........ 63 
Mr. Hedrick........ Winter...| Economics 5a....... 5 | Junior and Senior, Agr., H. E., Forestry.......- 30 
Mr. Hedrick........ Winter...| Economics 5a....... 5 | Junior and Senior, Agr., H. E., Forestry......-- 28 
Mr. Hedrick........ Winter...| Economics la....... TeAgr Sub breshmentss cca ieee eee ieee 60 
Mr. Hedrick........ Spring....| Economics 7........ 5 | Senior and Junior, Agr., H. E., Forestry.,.....- 28 
MrHedricks. 3/2 2.; Spring....| Economics 7........ 5 | Junior and Senior, Agr., H. E., Forestry........ 29 
Mr. Hedrick........ Spring....| Economics 2........ 2 sSophe,Agtscctes vase avreeciepmecenaicmetane soouleies 38 
Mreivderae ce cacsee Palle Pol. Science la...... 5 | (Sophe, Mingmeers|. goo css eats eee nets siete etarcs 45 
Mr iRvderse = peer e Rall IStOLY/ Aeneas an | 5 | Seniors and Juniors, Agr., H. E., Forestry....-.- 47 
MrRydera.eciier- fis ph alleecmtas|| MEIStOnyadia ene eiaae 5 | Seniors and Juniors, Agr., H. E., Forestry.....-.- 23 
Mri Rydervsncncenc Winter...| Pol. Science la... ... 5 | Seniors and Juniors, Agr., H. E., Forestry...... 61 
MirmRx der secs Wanter:.-| /Hustoryonsseeeeoe. 5 | Seniors and Juniors, Agr., H. E., Forestry...... 25 
MrvRy der cecisiciec Winter...) History 52.5. ....--- 5 | Seniors and Juniors, Agr., H. E., Forestry. ...-. 46 
Mreehyderser secerer Spring....| Economics 6........ 5 | Seniors and Juniors, Agr., H. E., Forestry. ..... 34 
Wig ais yonee aeebe Spring. ...| Economics 6........ 5 | Seniors and Juniors, Agr, H. E., Forestry.....-. 43 
Mr. Ryder..........| Spring....| Economics 2........ 2° §SophS Agrsang Morestryres <octaciesi« wet leleisie ers 33 
Mrs Ryden sc. 2)ses Spring....| Economics 2........ 23. Sophy, Agriand) Horestryptsytecieia reste lcisiclel=s1- 38 
Mrs. Hendrick...... Haller lebGirnifl le tae aelne 3) | Rreshy, Ags: ang Veep bie eentta rare ceemce eile everett 24 
Mrs. Hendrick...... Palle IStOLy Plas hicie Soe Sil Rreshs vA gs paulo dre eerie se tentiais setters 24 
Mrs. Hendrick...... Pall arratera| MELIStOnyal amtemereiniers Ol aR resh:, SAG, and iel, Bane cyereretotaieieiee ene rseiele rokerse 43 
Mrs. Hendrick...... Halleaceee Pol. Science la :< 5]; SOpD Emp Meer, jake sree eyo see eee tl hse ee 27 
Mrs. Hendrick...... Winter...| History 3... 5 | Fresh., Agr... EP 27 
Mrs. Hendrick...... Winter...| History 2... ac 5 | Fresh., H. E.. oe 27 
Mrs. Hendrick. ..... Winter..:| History 3)......-... 5 | Fresh., Agr... 40 
Mrs. Hendrick...... Winter,..| History 2 5 (tresh, SH oh. ac eciemmcre senier eee resttleeaettecics 33 
Mrs. Hendrick...... Spring....| History 3... 5 | Fresh., Engineer 31 
Mrs. Hendrick...... Spring....} History 3... 5 | Fresh., Engineer... 22 
Mrs. Hendrick...... Spring....| History 3 Hii) Wess eLoaeycecraen Clajeeeratetere ete fereteye ts ra erstereieimars 22 
Mr. Stevens.....-.. Fall......| History 1 Sill@RreshsjsA gra ctescescciow see wfals aeoneie wee 32 
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: Hours Number 
Teacher. Term. Subject. per Students. of 

week, students. 

Mr. Stevens........ a eerie ELIStOnVAl = sersetarey-tere Ou PHTCSH MALT a Seats ciscaateltan sheer ae Sees ee 23 
Mr. Stevens........ Ralls: istorvele. eee cee Shin hresh se Apr inctesticet wh crcic tc vs hsteci oer meee 26 
Mr. Stevens........ Palle History, lessee ee Sulphresh eAgr tpn. cee ee ees OE Sea eee 26 
Mr. Stevens........ Rall. .-..|| Beonomics)1 ......... Sh leSub:sb rest Hes Rinne ne ion ae ier elon eee 17 
Mr. Stevens........ Winter...| Economics 5a....... 5 | Junior and Senior, Ags., H. E., Forestry.......- 30 
Mr. Stevens........ Winter...| Economics 4b....... Salsophe MNeMeersnsae scat ar te mete camer 44 
Mr. Stevens...... .| Winter...| Economics 4b....... dill) SOphs Vane Ineers te. das tee Poe ee. 19 
Mr. Stevens.......- Spring....| Economics 5b....... Oy | SOMA sEMP INSEL ss cteap sce Cian ce oeboe ok octa detone 23 
Mr. Stevens........ Spring....| Economics 5b....... OM Op hssPNCINCErS rf eclase neat eke o eee 18 
Mr. Stevens........ Spring....| Economics 2b....... SP Sophie ele Bley ete ot restate: are nikloe araeiaaee: 24 
Mr. Stevens.......-. Spring....| Economics 2b....... Bi hitstsjo) eA a IS Ha kntan pate yy gee enn ee ae a 21 
Miss Emery........ Hallesaees- ELIsbonys Denese 3 | pRresD: vAgraandullay Bir. seem eiarmcee eet ace n 19 
Miss Emery........ Ral eersc|| PE Istorys, 2 selec Sali) Rresh-wAgrs andy Heb as soit see hee a eee 17 
Miss Emery.......- Rall nec || Eastory 2b ere St lititresh eAgrvandsHebenie see ane cee 20 
Miss Emery........ Wiintera2'.|MEIstorya dee. -crclea)s5:< 5) | treshiwAorandHepBrys ser jaeee HINGE iy 42 
Miss Emery........ Wimters-r| MElIStoryoeces oes seen Oui eereshis. Agrand thi Hee eeeieeit-aaraeeeel. cee 31 
Miss Emery.......- Winter sa. |PEUStory secre cece Onl PR reshe Agrs and eau Bierce ans ee ae ee oe 19 
Miss Emery........ Winter...| History 3........... bu pEresipAgTs Ande beddenae cae eta oe eee 29 
Miss Emery.......- Springs s..||) Historyassecccesice- Sul gitresh- = Wngineens®.cs a: taser eerie olecteiote 26 
Miss Emery........ Spring....| History 2..... attain 5: || Brest: welsybitess aes ceicmacls seers Beare 32 
Miss Emery........ Spring. a. || eIStOLY, Selec cramer ets Diihresh= wpe Ine ery sirshan catered me eee ataaees 19 
Miss Emery.......- Springs.) HistonyeZe sensei ee 5a | Sbiresh™ Winsmeenss. esc sod see eee be els: 18 
Mr. Gillespie... .... Winters |eblistoryalls.jericieeee Salmbreshsshngineerp mere: epee ene ee 38 
Mr. Gillespie........| Winter...| History 1........... 5. (Mb reshtsPngmeers. geass cee eee. mae eee eee 35 
Mr. Gillespie........ Winter...| Economics 4b....... SslaSophs. bneineerss ssoseeeeiores: kare oe 33 
Mr. McLean........ Spring...| Economics 5b....... ‘55s Sophssinnemecn’ 28 5.2 ceicca eee ee 18 
Mr. McLean.... ... Spring. ..| Economics 5b....... xl SOP ewbngmeenn a stem eee eee 20 
Mr. McLean........ Spring...| Economics 1b....... OH Subc=Hresh pcA gravee sateen. | Aare ee 27 
Mr. McLean........ Spring...| Economics 2........ 2). SODME WA Gr Somer shake an hala eerie Se 34 


The curriculum changes which have taken place in this department as 
a result of the faculty action of last winter in reducing the required 
number of credits which a student must have in order to graduate are 
entitled to our first consideration. The reduction referred to entailed 
an almost uniform diminution of the students class attendance from five 
recitation hours per day to four and it is the hope of the authorities 
that more thorough preparation of lessons may now be made by stu- 
dents, on account of the less number of subjects that are required. The 
curtailment of the college curriculum naturally could not take place 
without a reduction of the number of credits in the subjects presented 
by the different departments and the offerings of history, economics 
and political science in various college courses were altered as follows: 
In the agricultural and forestry courses the work offered by this de- 
partment was reduced from 43 possible credits to 42. In the engineer- 
ing course a reduction from 25 possible credits to 14 possible credits 
was made, while in the home economics course the number of possible 
credits was increased from 46 to 48. 

In the elimination of credits which has been described, history was 
cut most severely with the result that English history has been dropped 
entirely from all the courses of study. There was much justification for 
this aside from the mere matter of curriculum expedience, since Eng- 
lish history is now being taught so widely in the different high sc hools 
of the state that its abandonment here does not leave the student un- 
prepared for the advanced courses for which it was in former times 
a logical prerequisite. Commercial geography was also droppel from 
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the college curriculum as a part of the shrinkage process. On the other 
hand a three credit study in sociology was added to the required work 
in the home economics course, while an additional elective in United 
States history was inserted in the agricultural, home economics and 
forestry courses. 

One of the results of these alterations which is of considerable im- 
portance to the department has been the contraction of the depart- 
mental teaching staff from six members to four. It was found that 
all of the eliminations which were made from the History and Economics 
studies comprised subjects which were given in the freshmen and sub- 
freshmen years where classes are large and class sections numerous. 
Withdrawing subjects like these meant simply that duplicate teachers 
couid be dispensed with and the curtailment just mentioned was the 
result. The increasing restriction of the work done by this department 
to the elective vears where large classes can be handled, and, to fewer 
subjects, as a result of the eliminations which have been mentioned, 
will afford the opportunity for greater specialization by the members 
of the department—a desirable result in every way. 

In connection with this matter of departmental efficiency I feel that 
not a little has been lost through the withdrawal at the end of last 
year of the customary allowances of departmental stationery with the 
names of all members of the department printed thereupon. Some of 
the departments of this college have a history as old as that of the 
college itself and one or two of them have reputations so widely ex- 
tended that to have it shown upon letterheads that he is associated with 
such a department is no small addition to the pay of the not overly re- 
munerated young instructors in these departments. The teachers in 
History aud Economics during the past year have contributed from 
their own pockets the necessary amounts for purchasing departmental 
stationery upon which the names of all the members thereof appeared. 
This seems a rather unjust tax to levy, however, since much of this 
stationery is used wholly in connection with the college business. It 
seems desirable in every way that the old arrangement of department 
paper, varied according to the needs of the different departments, might 
be resuined. 

The worth of every subject presented in a college course is naturally 
enhanced by having such an arrangement of conditions as will permit 
this subject to have the space in the college curriculum which its im- 
portance deserves. Two of the subjects in this department have now 
acquired for themselves situations which allow them to be presented 
fairly adequately and quite efficiently. These are Economics and Amer- 
ican History. The first of these subjects runs throughout the entire 
college year in three of the college courses and furnishes no problems 
in adaption more serious to the teacher than those of selection. When 
it is remembered that not a few of our larger schools offer as many as 
sixty or seventy courses in this subject and that additional ones are 
constantly being developed, it will be seen that the problem at this 
place of choosing just the ones which should be given dur- 
ing three terms has no easy solution. _The solution which 
was approved during the past year involved the study of eco- 
nomic resources during the first term, economic principles during the 
second and American industrial development during the third term. 
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This arrangement places a minimum of study upon abstract principles 
and a maximum upon the concrete in economics—an arrangement for 
which our students seem. especially fitted through the prevalence of 
laboratory work here and the consequent familiarity that there is with 
the concrete. 

The American History to which reference was made, when taught as 
it is here in conjunction with political science, may also be regarded 
as a subject which extends through all three terms although unfortu- 
nately the work of two of these terms must be taken during the same 
period of time. In the case of both subjects one teacher has charge of 
each subject continuously throughout the entire year and the depart- 
mental specialization whose benefits were mentioned earlier is well 
exemplified by these two instances. 

In conclusion I wish to commend the efficiency and devotion of the 
various teachers in the department during the past year, the statistical 
statement of the efforts of whom appears in an earlier part of this 
report. 

Yours respectfully, 
WILBUR O. HEDRICK, 
Professor of History and Economics. 
Kast Lansing, Mich., June 30th, 1911. 


REPORT OF THE LIBRARIAN. 


Presiaent J. L. Snyder: 

Dear Sir:—The following is the report on the library for the year 
ending June 30th, 1911. 

There have been added to the library during the year twelve hundred 
thirteen bound volumes, of which five hundred eighty-six were pur- 
chased, two hundred nine were gifts, and four hundred eighteen came 
by binding. There have also been added five hundred fifty-six unbound 
volumes and pamphlets, all of which were duly acknowledged when re- 
ceived, provided the donor was known. 

For bound volumes we are indebted as follows: 


Aaron, Dr: Chas. D., 1. Delaware, 1. 
American Sheep Breeders’ Ass’n., Dryden, J. F., 1. 
is Dennison, C. 8., 1. 
American Shropshire Sheep Breed- Homan, J. A., 1. 
ers’ Ass’n., 4. Tilinois, 1. ‘ 
Aberdeen Angus Ass’n., 3. Towa, Horticultural Society, 1. 
American Society Veterinary Medi- Iowa, Agriculture, 1. 
cine, Proc., 6. Japan, 1. 
American Guernsey Cattle Club, 1. Kansas, Horticultural Society, 3. 
BeakoDre Widen) 1: Lyman, Drs Ree, 1:. 
Baker, EK. S.,-20. Massachusetts, 2. 
Bureau Amer. Ry. Economics, 2. Michigan, 83. 
Cochrane Pub. Co., 1. Missouri Botanical Gardens, 1. 
Colorado, Flora of, 1. Missouri Horticultural Society, 1. 


DeBar, J., 1. Myers, W. S8.,.1. 
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New York, Education Dept., 1. 
New Jersey, 3. 


National Conference Charities and 


Corrections, 1. 

National Ass’n. Public Health, 1. 
N. Carolina, Agriculture, 1. 
Piper) Mr. HPs, 6: 
Rand, McNally & Co., 1. 
Raymond, Geo. L., 1. 
Rhode Island, 4. 
Stark, Hon. G. M., 1. 
Smithsonian Institution, 10. 
United States, 

Agriculture Dept., 6. 

Agriculture Dept. Library, 4. 


United States, 


Interstate Commerce Commis- 
sion, 1. 

Civil Service Commission, 2. 

Census Bureau, 8. 

Labor Bureau, 2. 

Library of Congress, 4. 

Land Office, 1. 

Navy Dept., 1. 

National Museum, 1. 

Treasury Dept., 1. 
United States Brewers’ Asvs’n., 3. 
United Charities, Chicago, 1. 
Vermont, Agriculture, 1. 
Wilson & McMaster, Notes on Me- 

chanical drawing. 


(The publications sent us by the Supt. of Documents, now in storage 
in the agricultural building, are not included in the above list.) 

In the reading room may be found nearly five hundred periodicals, 
foreign and American, either purchased by the College, or sent by pub- 
lishers as donations or exchanges. The titles of donations and exchanges 


are as follows: 


Adrian Times. 


Agricultural Gazette of N. S. 
Wales. 

Agricultural Advertising. 
Agricultural Student’s Gazette, 
England. 


Allegan Gazette. 

American Cheesemaker. 

American Economist. 

American Missionary. 

American Poultry Advocate. 

American Sheepbreeder. 

American Sugar Industry. 

American Swineherd. 

American Thresherman. 

Arboriculture. 

Agricultural Ledger, Calcutta, In- 
dia. 

Ann Arbor Argus. 

Armada Graphic. 

Arrow, The. 

Australiasian. 

Bay City Times. 

Battle Creek Journal. 

Bear Lake Beacon. 

Belding Banner. 


Berkshire World and Corn Belt 
Stockman. 

Better Fruit. 

Bulletin of the College of Agricul- 
ture, Tokio. 

Chicago Live Stock World. 

Canadian Farm. 

Church Helper. 

Canadian Horticulturist. 

Cattle Specialist. 

Chicago Daily Farmers’ and Drov- 
ers’ Journal. 

Chicago Packer. 

Christian Herald. 

Columbia University Quarterly. 

Congressional Record. 

Daily Drovers’ Journal and Stock- 
man, Omaha. 

Dakota Farmer. 

Electrical Times. 

Economic Bulletin. 

Farm and Fireside. 

Farm and Home. 

Farm Life. 

Farm, News. 

Farm World. 
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Farmers’ Advocate. 
Farmers’ Guide. 
Farmers’ Voice. 
Florists’ Exchange. 
Garden. 
Garden Magazine. 
Gleaner. 
Gleanings in Bee Culture. 
Good Health. 
Grand Ledge Independent. 
Hawaiian Forester. 
Hillsdale Leader. 
Hillsdale Standard. 
Hoard’s Dairyman. 
Holstein-Friesian Register. 
Holstein-Friesian World. 
Home and Farm. 
Homestead. 
Horseshoers’ Journal. 
Horse World. 
Improvement Era. 
India, Dept. of Agriculture, Re- 
port. 
Memoirs (Botanical 
Research Inst., Pusa. 
Memoirs (Entomological ser- 
ies). 
Agri. Journal of India Series, 
Pusa. 
Indian’s Friend. 
Indiana Farmer. 
Illuminating Engineer. 
Iowa Horticulture. 
Journal of the College of Agricul- 
ture, Tokio. 
Jamaica Dept. of Agriculture, Bul- 
letin. 
Jenner (now Lister) Institute of 
Preventive Medicine. 
Jersey Bulletin. 
Johns Hopkins Univ. Circulars. 
Journal of Agriculture, Australia. 
Journal of Agriculture, Victoria. 
Journal of the Board of Agri. and 
Fisheries, England. 
Kalamazoo Telegraph. 
Kansas Farmer. 
Kimball’s Dairy Farmer. 
Labor Digest. 
Lawton Leader. 


series. ) 


Lewiston Journal. 

Live Stock Journal. 

Live Stock Report. 

Mark Lane Express. 

Michigan Dairy Farmer. 

Michigan Farmer. 

Michigan Mirror. 

Michigan Presbyterian. 

Midland Farmer. 

Milchwirtschaftliches Centralblatt. 

Moderator-Topics. 

National Stockman and Farmer. 

N. Y. Meteorology. (Draper’s 
Hourly readings). 

N. Y. Produce Review. 

Ohio Farmer. 

Official Gazette, U. S. Patent Office. 

Orange Judd Farmer. 

Oregon Agriculturist. 

Owosso Press American. 

Poultry Keeper. 

Practical Dairyman. 

Park and Cemetery. 

Phillipine Agrl. Review. 

Practical Farmer. 

Publicity Magazine. 

Records of the Australian Museum. 

Redman. 

Reliable Poultry Journal. 

Republic, Rockefeller Institute for 
Medical Research, Studies. 

Rural Advocate. 

Rural New Yorker. 

Southern Farm Magazine. 

Saginaw Evening News. 

State Journal, Lansing. 

Southern Cultivator. 

Special Crops. 

Successful Farming. 

Twentieth Century Magazine. 

Tuscola County Advertiser. 

Western Society of Engineers, 
Journal. 

Wallace Farmer. 

Washington Acad. 
Proceedings. 

Weather Review. 

Wilson Bulletin, 

Writer. 
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The publications received by the M. A. C. Record are placed on file 
in the reading room, and the catalogues of the leading educational in- 
stitutions of the country are received and filed in the offices of the 1i- 
brarian. , 

The bulletins of the various state experiment stations, and the publica- 
tions of the United States Dept. of Agriculture are also received and 
filed, as are also the card indexes which cover them. 

The number of books taken from the library during the year is seven 
thousand ninety-one. No attempt is made to record books used in the 
library. Fines to the amount of $31.44 have been collected, and placed to 
the credit of the library. 

During the year the room in the agricultural building which the Dean 
of Agriculture kindly set apart for our use was made available and we 
were able to remove our books from the engineering building, and place 
them on shelves, where they are now accessible. We take occasion to 
express our appreciation of Dean Bissell’s kindness is so long allowing 
us to use a room which he needed for class work, and to Dean Shaw for 
making it possible for us to return this room to the engineering depart- 
ment. It seems unnecessary to speak of our crowded condition. L[Every- 
one understands the disadvantage under which we of the library are 
obliged to work, and we can only hope that sometime the situation may 
be relieved. 

At the close of the college year our assistant, Miss Agnes Crumb, re- 
signed. Miss Crumb has been a most efficient and agreeable helper in 
the library, and we regret her departure. She will be succeeded by Miss 
Elizabeth Palm of this years’ graduating class, whom we feel that every 
one connected with the college will be glad to welcome. 

To the library of the Experiment Station have been added eleven hun- 
dred ninety-one volumes, of which twenty-seven were purchased, all others 
from binding. The college library now numbers thirty thousand thirty- 
seven volumes, and the experiment station library contains four thou- 
sand ninety-one volumes. Total in both libraries, thirty-four thousand 
two hundred twenty-eight volumes. In this total are included all books 
belonging to departments so far as they have been catalogued. 

The library hours have remained unchanged during the year, and 
for Mr. F. C. Kaden, who has been in charge on Saturday nights and 
Sundays, we have only words of commendation. 

Respectfully submitted, 
LINDA E. LANDON, 
Librarian. 
Kast Lansing, Mich., June 80th, 1911, 
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REPORT OF THE MILITARY DEPARTMENT. 


The President, Michigan Agricultural College: 

Sir:—I have the honor to submit the following report of the Military 
Department for the year ending June 30, 1911: 

The instruction given during the year was practically the same as 
during the previous year, with a few exceptions hereinafter noted. 

At the beginning of the fall term the instruction of the new cadets 
was conducted under the immediate supervision of myself and my as- 
sistant. A lieutenant of each company was in charge of the new men 
of his company, assisted by a number of acting corporals of that com- 
pany (sophomores and five-year freshmen). An attempt was made to 
have each acting corporal instruct the same squad of four men during 
the entire period. In this way we were able to advance the men showing 
greatest aptitude and attention, and the corporal’s ability as an in- 
structor could be watched and rewarded. The instruction was more sys- 
tematic than formerly and good results were obtained. Towards the 
close of the period the acting corporals who had shown the greatest 
ability were given permanent appointment and placed in line for pro- 
motion. 

For theoretical instruction during the second half of the fall term 
and first half of the winter term the sophomore class was divided into 
three sections. All non-commissioned officers were assigned to my sec- 
tion. The other two sections were instructed by Cadet Lieutenant 
Colonel E. W. Baldwin and Cadet Major N. Van Horne. Both young 
men accomplished very good results. 

During the winter term each captain instructed the new men of his 
company as a regular class in Infantry Drill Regulations one hour 
per week as a part of the ordinary drill. Very good results were ob- 
tained. The captains seemed to appreciate the responsibility and the 
discipline was excellent. 

During both the fall and winter terms some use was made of the 
pavilion in the Agricultural Building. The instruction here consisted 
mostly of calisthenics and was conducted by Cadet Major McKibbin, 
and Cadet Lieutenants Springer and Sheffield. 

The office of Cadet Colonel was created January 17, and Cadet Major 
C. W. McKibbin promoted to the office. His services were most satis- 
factory. He displayed unusual executive ability. 

The organization of the twelfth company (‘“‘M’) of the cadet regiment 
was completed January 23d. The Corps now consists of a regiment of 
infantry of three battalions of four companies each, hospital corps and 
band. 

The annual War Department inspection was made by Captain G. H. 
Jamerson, General Staff, U. S. Army, May 15. His report has not yet 
been received, but it is thought it will show the department in satis- 
factory condition. The strength of the Corps at date of inspection was 
674, of whom 652 were present under arms and in complete uniform. 

In the competitive drill following the inspection, Co. “H,” Capt. G. 
C. Sheffield, was awarded first place, Co. “E,” Capt. W. R. Walker, 
second, Co. “M,” Capt. A. M. Berridge, third. 
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On May 24th the Corps was reviewed by Brig. Gen. P. L. Abbey, Mich- 
igan National Guard, accompanied by the brigade staff. 

In connection with the memorial exercises on May 29th the Corps 
was reviewed by Governor Chase 8. Osborn, who expressed himself as 
well pleased with the appearance of the Corps. At the conclusion of 
the memorial services a tablet commemorating the students of the col- 
lege who enlisted in 1861 for service in the Civil War was unveiled 
on the west wall of the armory building. 

The Cadet Band under the direction of Prof. A. J. Clark continues in 
most satisfactory condition. An excellent spirit exists among its mem- 
bers. The band should receive every necessary support and encourage- 
ment. 

I desire to acknowledge my appreciation of the support and _ assist- 
ance given me by my assistant, Sergt. P. J. Cross, U. S. Army, retired, 
and the cadet officers, particularly of the senior class with whom drill 
is optional. Their influence with the underclassmen is great. All field, 
staff, and company captains should be seniors whenever practicable. 

Both indoor and outdoor instruction is greatly hampered by lack of 
space and it is hoped that some means to remedy this condition can soon 
be found. The rifles with which the Corps is armed are obsolete and 
should be condemned and disposed of. The last batch of 400 received 
from the State have seen hard service and many of them are in poor 
shape. The rifles get out of order easily and are not suited to our use. 

Respectfully submitted, 
G. M. HOLLEY, 
1st Lieut., 11th U. S. Infantry, 
Professor of Military Science and Tactics. 
East Lansing, Mich., June 30th, 1911. 


REPORT OF THE DEPARTMENT OF METEOROLOGY. 


President J. L. Snyder: 

Dear Sir:—Highty-seven students enrolled during the fall term of 
1910, in the course in meteorology, which was offered for the first time 
since the death of Dr. Kedzie. The subject was given as an elective 
study for juniors and seniors in the agricultural and forestry courses. 

While it was gratifying to have so many students elect the subject, 
und this large number was inspiring in the lecture room, yet it was 
impossible to do the best work with so large a number in the labora- 
tory. The class was divided into sections and still the sections were 
much too large to give each student the personal instruction and help 
that I had planned. 

However each student performed the required laboratory work which 
consisted in observing and recording all the atmospheric conditions 
for one month, constructing weather maps, experimenting with mete- 
orological instruments and studying the moisture and impurity content 
of the atmosphere. 

Thirty-two lectures were given on the subject of meteorology and 
each student spent 52 hours in laboratory work. 

Very Respectfully, 
DEWEY A. SEELEY, 
Instructor in Meteorology. 
East Lansing, Mich., June 30th, 1911. 


a 
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Meteorological observations jor the month of January, 1910, at Agricultural College, East 
Lansing, Michigan. 


Temperature. (Degrees Fahrenheit.) Precipita- 
Date — (in fnclies Character 
: md of day. 
Maximum. | Minimum. Mean. hundredths.) 
1 ets ote Cs Genie SS eee rs ae en Oe be Oe ee 38 16 27 .20 | Cloudy. 
DAE AAT Fe ae aR RE AE ho 36 22 29 -40 | Partly cloudy. 
BR RGB EL cc Get fie Senn Mane 5 ecg tee ae Sete 22 4 13 .20 | Partly cloudy. 
Che Series Bah AA RR Ree | Sa a heme eres 16 5 10 0 | Partly cloudy. 
Dh Racet C abet eet ere see ee ee 33 9 21 0 | Partly cloudy. 
ESSA ABACUS RECT eRIEE Ree aoe MAA RB ARE AMA OS 18 14 16 0 | Partly cloudy. 
TT ee tis ee tA ey ek SMR 15 6 10 0 | Partly cloudy. 
Bee See stistioninean Shir ste ck Gomes 26 4 15 -10 | Partly cloudy. 
LO SSCS SOO AO cS CR RECT Soa oe ne ae eee 25 15 20 0 | Partly cloudy. 
Oe eee non ne atag EEA E Ree Sao ee eee ee 22 3 12 0 | Clear. 
i eS Soa AO aO EN AoC nae e ORE Ree Pee 30 17 24 0 | Partly cloudy. 
Pe a ich ODE IS GRRL Cn eo TC ee ae 33 21 27 0 | Partly cloudy. 
LN PS: rN eo Pye ot REN GET 30 23 26 -20 | Cloudy. 
EO. S.ho QB EEA EEO eT Ce ee > eae 27 20 24 -70 | Clear. 
lien Aer ero eter et Ae Ee a ee 27 21 24 0 | Clear. 
i eS ea ee Se nas ee eee eee eee ae ee 28 22 25 0 | Partly cloudy. 
UU oie htop OF Con SORE en He ana a oe 35 25 30 0 | Cloudy. 
LTS GA crs Scie CPEs oC o Ae eens Be Rea 40 28 34 .05 | Partly cloudy. 
1 ce Geese ORO Ee ee Eanes aie Rea 35 20 28 0 | Clear. 
AD NEN STS Pie a aie ean TS SE re 42 30 36 .06 | Partly cloudy. 
7 ere GCS Coe SER CCR nn 38 20 29 0 | Clear. 
(As Saba cia oe an a Ae Sn Rete ee, RE 29 15 22 -05 | Partly cloudy. 
SEE TSO ee trae de See Pict w emg Chad | ees Sot e 28 22 25 0 | Cloudy. 
PA oe Oct Ac hack BG cat eee Cais Bp ee, ee 33 24 28 0 | Clear. 
Aa 2 otis as bea Hee SN el Re Be 30 10 20 0 | Clear. 
PAN ois Ree ce ob 2 Oe ee a ree 42 27 34 .06 | Partly cloudy. 
LEA AN Pe Bae She NT ie rs tee ee Niece 34 27 30 .07 | Partly cloudy. 
ORR EAE een Plo ete Bo aaa teen 29 20 24 -03 | Clear. 
ORS. eae to Fee sae ERE Ly oN es 29 12 20 0 | Partly cloudy. 
AD RMIT De otoere Beit ote Bio Gee aloe ae oe anion 28 22 25 .15 | Partly cloudy. 
URN RN nae eng 2 en oye envi nga try tne S | 24 6 15 .25 | Clear. 
Total. 
LCE Ee Ie ORAS ENA ARS rea ae ea a 29.7 iWi3! 23 .4 2252 


TEMPERATURE.—Highest, 42; date, 20, 26; lowest, 3; date, 10; greatest daily range, 24; date, 5; least daily range, 4; date, 6; 
Precipiration.—Total this month, 2.52; snowfall, 23.4; greatest precipitation in 24 hours, .70; date, 14; snow on the ground 


at end of month, 12 inches. 
Winp.—Prevailing direction, west. 


WratHer.—Number of days, clear, 9; partly cloudy, 18; cloudy, 4; on which .01 inch, or more, of precipitation occurred, 14. 
*From records of cooperative observer, Michigan Agricultural College. 


(Signed), 


ANDREW J. PATTEN, 


Cooperative observer, Weather Bureau. 
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Meteorological observations for the month of February, 1910, at Agricultural College, East 
Lansing, Michigan. 


Temperature. (Degrees Fahrenheit.) Precipita- 


tion. 
a4) : Character 
Date. — ines of day. 
Maximum. | Minimum. Mean. hundredths.) 

31 6 18 0 | Clear. 

40 19 30 .20 | Clear. 

37 23 30 -20 | Clear. 

32 18 25 0 | Clear. 

27 12 20 0 | Partly cloudy. 
13 0 6 0 | Partly cloudy. 
28 1 14 0 | Partly cloudy. 
34 22, 28 50 | Partly cloudy. 
35 20 28 50 | Partly cloudy. 
26 6 16 05 | Partly cloudy. 
26 12 19 0 | Partly cloudy. 
27 18 22 15 | Partly cloudy. 
27 18 22 0 | Partly cloudy. 
35 15 25 0 | Partly cloudy. 
44 28 36 40 | Cloudy. 

45 16 30 0 | Cloudy. 

17 9 13 0 | Cloudy. 

19 7 13 0 | Partly cloudy. 
27 8 18 0 | Partly cloudy. 
40 16 28 .30 | Partly cloudy. 
32 18 25 0 | Partly cloudy. 
26 8 17 0 | Clear. 

24 0 12 0 | Partly cloudy. 
17 0 8 0 | Partly cloudy. 
22 2 12 0 | Partly cloudy. 
39 17 28 -20 | Cloudy. 

38 30 34 -15 | Cloudy. 

40 29 34 0 | Partly cloudy. 

Total. 
30.3 B35 21.9 2.65 


Sea SR CSE, 45; date, 16; lowest, 0; date, 6, 23, 24; greatest daily range, 29; date, 16; least daily range, 8; date, 
PreciPITaTion.—Total this month, 2.65; snowfall, 4.0 inches; greatest precipitation in 24 hours, .50; date, 8 and 9; snow on 
the ground at end of month, 3.0. 
Winpv.—Prevailing direction, west. 
WearHer.—Number of days, clear, 5; partly cloudy, 18; cloudy, 5; on which .01 inch, or more, of precipitation occurred, 10. 
*From records of cooperative observer, Michigan Agricultural College. 
i ANDREW J. PATTEN, 


(Signed), 
Cooperative observer, Weather Bureau. 
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Meteorological observations for the month of March, 1910, at Agricultural College, 
East Lansing, Michigan. 


Date. 


Temperature. (Degrees Fahrenheit.) | Precipita- 


tion. 
2 Character 
——| (In inches 
mt of day. 
Maximum. | Minimum. Mean. hundredths.) 
44 31 38 -10 | Partly cloudy. 
42 30 36 0 | Clear. 
48 28 38 0 | Clear. 
58 33 46 0 | Clear. 
54 34 44 0 | Clear. 
65 37 51 0 | Clear. 
39 22 30 0 | Partly cloudy. 
40 24 32 0 | Partly cloudy. 
38 23 30 0 | Clear. 
41 21 31 0 | Clear. 
39 25 32 0 | Partly cloudy. 
50 26 38 0 | Clear. 
47 27 37 0 | Partly cloudy. 
30 20 25 0 | Partly cloudy . 
41 15 28 0 | Partly cloudy. 
48 32 | 40 0 | Clear. 
38 26 32 0 | Clear. 
62 37 44 0 | Clear. 
70 38 54 0 | Clear. 
58 42 50 -20 | Clear. 
57 28 42 0 | Clear. 
68 28 48 0 | Clear. 
63 32 48 0 | Clear. 
82 43 62 0 | Clear. 
66 47 56 0 | Clear. 
66 37 52 0 | Clear. 
65 44 54 0 | Clear. 
78 49 64 0 | Clear. 
75 54 64 0 | Clear. 
71 54 62 -10 | Partly cloudy. 
65 40 52 0 | Partly cloudy. 
Total. 
55 .2 32.8 44.0 40 


TEMPERATURE.—Highest, 82; date, 24; lowest, 15; date, 15; greatest daily range, 40; date, 22; least daily range, 10; date, 14. 

PRECIPITATION.—Total this month, .40; snowfall, 1.00; greatest precipitation in 24 hours, .20; date, 20; snow on the ground 
at end of month, 0. 

Winpd.— Prevailing direction, south. 

WEaATHER.—Number of days, clear, 22; partly cloudy, 9; cloudy, 0; on which .01 inch, or more, of precipitation occurred, 3. 

MiscELLANEOUS PHENOMENA (dates of).—Thunderstorms, 20. 

*From records of cooperative observer, Michigan Agricultural College. 


(Signed), 


ANDREW J. PATTEN, 
Cooperative observer, Weather Bureau. 
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Meteorological observations for the month of April, 1910, at Agricultural College, 
East Lansing, Michigan. 


Temperature. (Degrees Fahrenheit.) Precipita- 


tion. 
P Character 
Date. === (In inches 
rd of day. 
Maximum. | Minimum. Mean. hundredths.) 
65 33 49 0 | Clear. 
62 37 50 0 | Clear. 
63 42 52 0 | Partly cloudy. 
71 53 62 -15 | Cloudy. 
75 56 66 0 | Cloudy. 
60 35 48 0 | Cloudy. 
50 30 40 0 | Partly cloudy. 
66 30 48 0 | Clear. 
69 43 56 0 | Clear. 
64 37 50 0 | Clear. 
70 37 54 0 | Partly cloudy. 
52 28 40 0 | Clear. 
66 29 48 0 | Clear. 
76 40 58 0 | Clear. 
74 51 62 15 | Cloudy. 
65 55 60 -10 | Cloudy. 
64 37 50 -25 | Cloudy. 
50 41 46 -20 | Partly cloudy. 
48 39 44 -05 | Cloudy. 
42 37 40 10 | Cloudy. 
70 37 54 0 | Partly cloudy. 
62 40 51 .05 | Partly cloudy . 
52 32 42 0 | Partly cloudy . 
45 30 38 -05 | Cloudy. 
42 30 36 .50 | Cloudy. 
2 
42 36 39 .73 | Cloudy. 
54 35 44 -10 | Partly cloudy. 
51 35 43 0 | Cloudy. 
77 36 56 0 | Cloudy. 
72 36 54 -05 | Cloudy. 
Total. 
SEAT OS Gee Set d Seen ae chs Sime Sees 60.6 37.8 49 .2 2.48 


TEMPERATURE.—Highest, 77; date, 29; lowest, 28; date, 12; greatest daily range, 41; date, 29; least daily range, 5; date, 20. 
PrecipiratTion.—Total this month, 2.48; snowfall, 0; greatest precipitation in 24 hours, .73; date, 26; snow on the ground at 
end of month, 0. 
Winv.—Prevailing direction, south. 
WeEaTHER.—Number of days, clear, 8; partly cloudy, 8; cloudy, 14. 
*From records of cooperative observer, Michigan Agricultural College. 
(Signed), ANDREW J. PATTEN, 
Cooperative observer, Weather Bureau. 


Meteorological observations for the month of May, 


Date. 
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1910, at Agricultural College, 
East Lansing, Michigan. 
Temperature. (Degrees Fahrenheit.) Precipita: ; 
ion. ercent 
(In inches Seer of 
an y. sunshine. 
Maximum. | Minimum. Mean. hundredths.) 
61 46 54 .43 | Partly cloudy. 53 
55 39 47 LE 25a Cloudysese sce 0 
52 34 43 OniClear’ tra... 66 
54 31 42 Olio Clearts t3.2'3.03: 100 
57 29 43 OM KClear® Fe kad s2 100 
63 32 48 OF iClearty. a6: 100 
63 37 50 v | Partly cloudy. 67 
61 48 54 © |Gloudy;....=.- 19 
68 43 56 0 | Partly cloudy. 63 
68 39 54 0 | Partly cloudy. 84 
59 aif 48 OsiiC@learé.aass. 95 
55 32 44 Opis Cleanivrrs 5528 99 
44 32 38 gt | Cloudy....... 21 
53 28 40 0 | Clear. 99 
62 34 48 O) iClear oyo55-. 100 
64 38 51 OneCloudyaceses. 56 
64 49 56 cA5Y Cloudyne ase 30 
67 48 58 0} | (Clears s2523; 100 
76 48 62 O)|\ Clear iec.35- 100 
1% 55 64 -08 | Partly cloudy . 55 
80 | 50 65 .73 | Clear 88 
78 59 68 SUA Cleareiea sass 79 
70 48 59 £42) Cloudy sa 5-2: 11 
67 45 56 0} \Clearisay ss; 82 
61 40 50 0 Partly cloudy . 78 
60 36 48 7 | Partly cloudy. 83 
70 37 54 On|| (Clearsre5 sees: 100 
76 40 58 OF Clearnas sas: 100 
72 43 58 .34 | Cloudy....... 45 
47 36 42 tds a @loudy= nao. 3 
tf 36 40 515) |e Cloudy2e552- 1 
Total. 
62.7 40.3 51.5 4.13 


ATMOSPHERIC PressurE.—(Reduced to sea level; inches and hundredths.)—Mean, 30.02; highest, 30.48; date, 4; lowest 


29.62; date, 23. 


TEMPERATURE.—Highest, 80; date, 21; lowest, 28; date, 14; greatest daily range, 36; date, 28; least daily range, 8; date, 31. 
PreciPiTation.—Total this month, 4.13; snowfall, 0; greatest precipitation in 24 hours, 1.25; date, 2; snow on the ground at 


end of month, 0. 


Winv.—Prevailing direction, northwest; total movement, 4973 miles; average hourly velocity, 6.5; maximum velocity (for 
five minutes), 24 miles per hour, from southwest on 29. 

WeatuHer.—Number of days, clear, 15; partly cloudy, 7: cloudy, 9; on which .01 inch, or more, of precipitation occurred, 10. 

MiscELLANEOUS PHENOMENA (dates of).—Auroras, 0; halos: solar, 7, 19; lunar, 15, 16; hail, 0; sleet, 0; fog, 0; thunderstorms, 
2, 21, 22; *Frost: light, 6, 12, 13; 15, heavy, 4, 5, 14: killing, 0. 

Notre.—“’ indicates trace of precipitation. 

*Frosts are not recorded after the occurrence of “killing.” 

Form 1030, Met’! will be issued monthly by the local office, U. S. Weather Bureau, and mailed free of charge to those who 
make application for the same to the official in charge. és 


tee pe 
wrem ED. A. SEELEY, 


Local forecaster, Weather Bureau. 
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Meteorological observations for the month of June, 1910, at Agricultural College, 
East Lansing, Michigan. 


Temperature. (Degrees Fahrenheit.) Precipita- 


tion. Percent 
Date. a a a a ae Lalches Cee of 
: PA and ve sunshine. 
Maximum. | Minimum. Mean. hundredths.) 
40 38 42 2185] Cloudyererese 3 
49 37 43 EO | Cloudyereacoe 12 
54 42 48 7 | Cloudy....... 19 
64 41 52 0 | Partly cloudy. 57 
60 45 52 -13 | Partly cloudy. 19 
57 43 50 24 | Cloudy....... 9 
71 42 56 On Clears ean ce 98 
73 41 57 On Clears eecce: 99 
74 50 62 0 | Partly cloudy. 74 
74 48 61 0 | Partly cloudy. 82 
66 49 58 7 | Cloudy....... 36 
75 47 61 On| R@leareeerneee 84 
83 48 66 ONClEar eee 100 
84 57 70 0 | Partly cloudy 78 
88 54 71 T |"(Clearsea see. 97 
87 58 72 Oh | tClearser eee 100 
86 58 72 0 | Partly cloudy 84 
92 67 80 0 CBTE ss saree 86 
91 58 74 On)" Clearcccn oe 100 
90 61 A 76 OF iClear aoe oe 100 
89 63 76 0 | Clear. . 98 
91 58 74 OR Clearsperecee 90 
93 62 78 .76 | Partly cloudy 71 
81 58 70 Oui iClear’ -neenee 100 
82 52 67 0 | Clear 100 
87 53 70 Os (Clears ree see 100 
75 60 68 -09 | Cloudy....... 82 
83 54 68 (O%| Cleans ase 100 
92 59 76 OF |"Clears- eee 98 
95 61 78 On "Clears ae ce 97 
Total. 
Means eee ee ae ho eee Oe Weds ool 64.9 1.95 


4 ArmospHERIc PRESSURE.—(Reduced to sea level; inches and hundredths.)—Mean, 29.98; highest, 30.21; date, 4; lowest, 29.57; 
late, 1. 

TEMPERATURE.—Highest, 95; date, 30; lowest, 37,; date, 2; greatest daily range, 35; date, 13; least daily range, 8; date, 1. 

Hs tego ne this month, 1.95; snowfall, 0; greatest precipitation in 24 hours, .76; date, 23; snow on the ground at 
end of month, 0. 

Winp.—Prevailing direction, northwest; toial movement, 3035 miles; average hourly velocity, 4.2; maximum velocity (for 
five minutes), 27 miles per hour, from north on 23. 

WeratHer.—Number of days, clear, 17; partly cloudy, 7; cloudy, 6; on which .01 inch, or more, of precipitation occurred, 6. 

MiscELLANEOUS PHENOMENA (dates of.—Auroras, 0; halos: solar, 10; lunar, 0; hail, 6; sleet, 0; fog, 0; thunderstorms, 6, 14 
23; *Frost: light, 0; heavy, 0; killing, 0. 

Notr.—“r” indicates trace of precipitation. 

*Frosts are not recorded after the occurence of “killing.” 


DEWEY A. SEELEY, 
Local forecaster, Weather Bureau. 
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1910, at Agricultural College, 
East Lansing, Michigan. 
| 
Temperature. (Degrees Fahrenheit.) Precipita- - 
tion. ercent 
—— | (In inches Shee of 
an y sunshine. 
Maximum. | Minimum. Mean. hundredths.) 
97 62 80 Onl pClearkepece: 100 
93 61 77 0 | Partly cloudy. 92 
81 63 72 0 | Partly cloudy. 58 
77 56 66 OnE Cleare a 100 
85 49 67 Oni Clearan ss ens 100 
85 60 72 235i liCloudyar acer 47 
86 62 74 0 | Clear. . 100 
89 59 74 Ou eCleareee. <c-- 100 
94 67 80 .02 | Cloudy....... 69 
80 58 69 OnleClear- 2 81 
86 56 71 0 | Partly cloudy . 83 
83 58 70 «13° Cloudy2.. =~... 41 
81 53 67 On pGleatse a. pene 96 
84 54 69 0 | Partly cloudy . 99 
90 61 76 0 | Partly cloudy .' 79 
88 61 74 2O2NCloudyae eco. 43 
76 53 64 0 | Partly cloudy. 75 
78 48 63 0 | Clear... %..- 99 
81 42 62 OuiClesrear ers. 100 
83 56 70 t | Partly cloudy .| 73 
87 62 74 0 | Partly cloudy.| 56 
81 64 72 vt | Partly cloudy. 39 
87 63 75 .01 | Partly cloudy. 59 
90 63 76 -01 | Partly cloudy .| 56 
84 59 72 Ov Clearer ee 93 
87 53 70 268) Cleareeris. acct. 92 
84 60 72 .26 | Partly cloudy . 99 
83 55 69 Oule@learg. 2s. ce 100 
86 60 73 .05 | Partly cloudy. 92 
78 54 66 OW iClearae oossc 96 
78 48 63 On| Cleary asin: 99 
| Total. 
84.6 57.4 71.0 1.53 


ArmospHERIC Pressure. (Reduced to sea level; inches and hundredths.)—Mean, 29.92; highest, 30.28; date, 19; lowest, 


29.69; 


date, 24. 


TEMPERATURE.—Highest, 97; date, 1; lowest, 42; date, 19; greatest daily range, 39; date, 19; least daily range, 17; date, 22. 
PrecipiraTion.—Total this month, 1.53; snowfall, 0; greatest precipitation in 24 hours, .94; date, 26 and 27; snow on the 
ground at end of month, 0. 
Winv.—Prevailing direction, southwest; total movement, 3710 miles; average hourly velocity, 5.0; maximum velocity (for 
five minutes), 25 miles per hour, from south, on 9. 
WeatHer.—Number of days, clear, 14; partly cloudy, 13; cloudy, 4; on which .01 inch, or more, of precipitation occurred, 9. 
MIscELLANEOUS PHENOMENA (dates of).—Auroras, ; halos: solar, 0; lunar, 0; hail, 0; sleet, 0; fog, 0; thunderstorms, 6, 9, 
15, 16, 22, 24, 6,2 27, 29; *frost: light, 19; heavy, 0; killing, 0. 
NorE.—“‘r’ indicates trace of precipitation. 
*Frosts are not recorded after the occurrence of “‘killing.” 


DEWEY A. SEELEY, 
Local forecaster, Weather Bureau. 
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Meteorological observations for the month of August, 1910, at Agricultural College, 
East Lansing, Michigan. 


Temperature. (Degrees Fahrenheit.) Precipita- 

tion. 
Date. —— (In inches 

and 
Maximum. | Minimum. | Mean. hundredths.) 

| 

Renee Finer ter. keene 78 55 | 66 04 
Dee crc hay aE ee eae ee ain aatteens 83 60 | 72 0 
BN coaceie Fe Oyo ata emziotane wiles ecaeee 84 64 | 74 19 
(A AR CDSE ec BOG Caen Oe 76 48 62 0 
iA UROE RES Pepe ae a ee 75 46 60 0 
(AER ee 5 TARO keer Ewer 80 49 | 64 0 
PT SP ict coh chet df Se OR Eee 74 55 | 64 0 
Bois, cava tae ah, 84 54 | 69 7 
id ta: a a een 79 61 | 70 03 
LO eee crcck kOe nT ee 81 58 | 70 T 
1 Ree ere th keen ane Pe eRe 80 50 | 65 0 
LD srcharloravd ocbiate. no ete aot se Rina aes 85 ipa) 68 0 
TERS Gan COUR RAS DBb Cusine DeIoe | 87 | 55) ] 71 0 
DA echt e CoO eect eo tins | 90 | 59 74 0 
Divers yey ro eRe Met eles eT renee tele 89 62 76 T 
Os Sree DARE ae Sonic cin come ADEE DOOR AE 85 65 75 T 
ily PARI on Pee Pcie to Meta eee ben ine gpa 90 64 Tel 30 
Bie ie crore Me rorhtaleen tcl AA Mest ee 73 52 62 T 
Mais 2 ara tole aero etnoae aoe otal ale eotetoaed 77 49 63 0 
Dy, ( Ree rene nthe Par oct cohen eS ee 78>] 55 66 0 
OI .c ba i erent BOS. chess. 87 | 60 74 01 
DO) Crt Sciam nee NS A oP, 84 66 | 75 0 
De eS HLL See ct eae 75 62 | 68 45 
DA tare 3 Lie eye Pie i aes Whe PLEIN nt 86 69 78 0 
DB is sisters a CET IA ee anGTae Oe Peele ths 77 52 | 64 63 
iP SRAS OE SOOT ERE CGaC > SPACES ean 70 | 44 | 57 0 
OU chan a ee AON Set: 74 AA | 59 0 
Ce CR se CR CO <8 8: Ree | 78 51 | 64 0 
DS eh steak carat St MST Renee Se ie orig es 76 56 66 0 
3) Nene Ne ei he wan a Pek ene | 85 60 72 09 
2 ee etn Mera Ari eet sr ncaa 74 58 | 66 .02 

| Total. 
Meat fs aise ane cistavetslochetiecienis Roker 80.5 56.0 | 68 .2 1.76 


Character Ferent 
of day. sunshine. 

Cloudy....-.- 0 
Partly cloudy . 66 
Cloudy....... 57 
Clearss oes. 76 
Cleanivae acer 100 
Cleary see 99 
Gloudy2 een. 15 
Clean? 58 .ce 86 
Clondyanancs: 32 
Clears se-- 97 
Clear: seers 98 
Clear tecce 100 
Partly cloudy . 72 
Partly cloudy . 68 
Partly cloudy . 64 
Cloudy... -.... 58 
Partly cloudy 62 
Cloudy... -.. 37 
Glearsciseeeer 97 
Partly cloudy . 86 
Partly cloudy . 93 
55 

10 

21 

0 

96 

88 

78 

61 

71 

42 


ArMosPHERIC Pressure.—(Reduced to sea level; inches and hundredths.)—Mean, 30.01; highest, 30.26; date, 19; lowest, 


29.72; date, 3. 


‘TemprraturRE.—Highest, 90; date, 17; lowest, 44; date, 26; greatest daily range, 33; date, 12; least daily range, 13; date, 23. 
PrecrprratTion.—Total this month, 1.76; snowfall, none; greatest precipitation in 24 hours, .63; date, 25; snow on the ground 


at end of month, none. 


Winb.—Prevailing direction, south; total movement, 3675 miles; average hourly velocity, 4.9; maximum velocity (for five 
minutes), 20 miles per hour, from northwest, on 25. 
WeratHer.—Number of days, clear, 11; partly cloudy, 8; cloudy, 12; on which .01 inch, or more, of precipitation occurred, 9. 
MISCELLANEOUS PHENOMENA (dates of).—Auroras, 0; halos: solar, 0; lunar, 0; hail, 0; sleet, 0; fog, 17; thunderstorms, 1, 3, 
9, 10, 15, 17, 21, 23, 25; *frost: light, 0; heavy, 0; killing, 0. 
Nore.—“” indicates trace of precipitation. 
*PFrosts are not recorded after the occurrence of “killing.” 


DEWEY A. SEELEY, 
Local forecaster, Weather Bureau. 
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Meteorological observations jor the month oj September, 1910, at Agricultural College, 
East Lansing, Michigan. 


Date. 


Temperature. (Degrees Fahrenheit.) 


Maximum, | Minimum. 
68 51 
77 42 
79 58 
67 57 
79 64 
78 55 
81 52 
80 58 
64 44 
68 38 
76 41 
74 53 
66 45 
71 41 
75 41 
76 43 
76 47 
71 52 
68 51 
71 50 
74 46 
70 37 
62 53 
71 55 
60 54 
65 52 
64 52 
68 45 
70 42 
75 49 

aie 48.9 


Precipita- 
tion. : Percent 
(In inches Ciascer of 
an oe sunshine, 
Mean. hundredths.) 
60 OQ RCloudya-e-02 45 
60 OuiGleare sere 86 
68 11 |" Clondysse sno 33 
62 Eg Cloudys- case. 0 
72 .85 | Cloudy....... 5 
66 0 | Partly cloudy 70 
66 Ot RClearé teen 95 
69 0 | Cloudy........ 32 
54 Oul@learse one. 100 
53 Ole Glearis- is sc 100 
58 Ou eGleare> eevee. 100 
64 1020 Cloudy eau. 8 
56 0 | Partly cloudy 78 
56 Op H@lesre cn. 97 
58 OsMClear a aebe.2 100 
60 OMI Glear -.5,40225 100 
62 .36 | Partly cloudy 62 
62 0) |) Cloudy? .......-: 26 
60 0 | Cloudy....... 15 
60 0 | Partly cloudy . 52 
60 Oy eGleary >. sa. 90 
54 OD @leart ace. 100 
58 1.07 | Cloudy....... 0 
63 +30. | Cloudy....... 9 
57 O18 | P@loudyae eee 0 
58 310) I @loudy-re ee: 35 
58 320°) Cloudy::<..-=-- 14 
56 Ou Gleareesc car: 95 
56 OuleGlesteas acca: 100 
62 ORINClesr soe aan 88 
Total. 
2.74 


60.2 


ArMospHERIC PREessuRE.—(Reduced to sea level; inches and hundredths.)—Mean, 30.09; highest, 30.41; date, 14; lowest, 


29.78; date, 3. 


TempEratuRE.—Highest, 81,; date 7; lowest, 37; date, 22; greatest daily range, 35; date, 2; least daily range, 6; date, 25. 
PrecipiraTion.—Total this month, 2.74; snowfall, 0; greatest precipitation in 24 hours, 1.31; date, 23 and 24; snow on the 


ground at end of month, 0. 


Winp.—Preyailing direction, south; total movement, 3456 miles; average hourly velocity, 4.8; maximum velocity (for five 
minutes), 18 miles per hour, from southwest, on 6. Phat 
WeatHER.—Number of days, clear, 13; partly cloudy, 4; cloudy, 13; on which .01 inch, or more, of precipitation occurred, 10. 
MisceLLaNeous PHENOMENA (dates of.)\—Auroras, 0; halos: solar, 26.30; lunar, 0; hail, 0; sleet, 0; fog, 19 and 20; thunder- 


storms, 4, 5, 7, 8, 17; *frost: light, 0; heavy, 0; killing, 0. 


Nore.—‘r” indicates trace of precipitation. 
*Frosts are not recorded after the occurrence of “killing.’’ 


DEWEY A. SEELEY, 
Local forecaster, Weather Bureau. 
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Meteorological observations for the month of October, 1910, at Agricultural College, 


East Lansing, Michigan. _ 


Temperature. (Degrees Fahrenheit.) 
Date. === 
Maximum. | Minimum. Mean. 

MEST sai eSavayesoyere 8 Maret eae lec aeea waefae tess 69 44 56 

OA SoC TRO GOES DR Onan Gis CERIO Denon 64 36 50 

ae cicse cisions oe Or Re ci tee aes ists 82 52 67 

BR Teach Sh iy ace sea ere tates Necstarefe a duavbts 67 63 65 

Dperatcrctstencle cisions baie alee ore Mloua Panerctesl axe a) ot 74 55 64 
| 
| Cae BBan enya an Bik A Aaaen Gabo coeee 55 35 45 
| 3 RT ra oe, Sr at Be, Re, ieee 61 31 46 
LABOR erty ak oc ee aie oraeystolea hisiotes 65 34 50 
IBD accrevatasstavoe iststepeeete es sce seas 54 37 46 
i Uscepee RBdtoeta ter tacottnaee ent 64 33 48 
Aree pte oe ators attest oct aiarere ase ake 72 44 58 
1 Ae RP AM orc Rao ana ane eS 55 37 46 
LS roc eerie Se aio Co COE ecto 66 36 51 
IU NR eed Cet a ume me oe ae ae cee 77 48 62 
bays Sierra a one Geta etch TEENA a een cre eae a 70 48 59 
116), Bo Rt ABE aoe bn cognac oe an eae 74 52 63 
1 (ake SARS iGlon ha iieson peters Sane 79 50 64 
AS Fes Seve Nore Seite oe yaee Aeros eran eiseslueee 82 52 67 
WO Rie Nac ane cio eee eee eines leis 81 57 69 
Qa isis ROME ai ais alates als sien 60 46 53 
721 SRE ROS PSIGS © fick TOTES OE EIST IE 58 45 52 
Lea iaassictors es ehel sean siete eke Me sost loners 51 41 46 
Eb ere aie aka taFata cu atesee CELTS erro ee eee oteiw ctelorths 56 33 44 
DEM Pye chs thie, Sore este ee oe niok oe 62 41 52 
PAT as ET REC R iS occ PN LE ee 57 38 48 
Pi cee eas een. Noms Ma) pet ee 49 36 42 
7 ROSS OM TAA TA Gi AOA ee ae 49 32 40 
Poa Ata Pe a aay thre ea ee 40 28 | 34 
72) RN EIS AIS erase | 40 23 32 
Otek Foxes ayelteee: Buatar a MeN Oey state ev cpe sles! cake | 50 30 40 
OLE es AAGK Lites Mat Or OR ERL REG ee 64 32 48 
(Mean ere midtraciensmctebr ee Gane meenntciae 62.8 40.9 51.8 


ArmospHERIC PressurE.—(Reduced to sea level; inches and hundredths.)—Mean, 30.02; highest, 30.43; date, 7; lowest, — 


29.51; date, 26. 


Precipita- 
tion. 
(In inches 


an 
hundredths.) 


Sot 
aw 


ocoocoo ceoeco coook 


oi 


noe COOoOWn 


ae 
—" 


| 
| 
0 | 
0 | 
0. 
0 | 


Total. 
phere | 


Cloudy....... 


lS Cleans cece 


Clearenaacsae 


Clearivs2: rece 


Gleanyin acess | 


Cloudy....... 
Cloudy..<.... 
Partly cloudy. 
C@learaeryierce 
Clears e426 


Percent 
of 
sunshine. 


TEMPERATURE.—Highest, 82; date, 18; lowest, 23; date, 29; greatest daily range, 32; date, 31; least daily range, 4; date, 4. 
PreciprraTion.—Total this month, 2.27; snowfall, 0.6; greatest precipitation in 24 hours, .93; date, 3 and 4; snow on the ground 


at end of month, 0. 


Winpv.—Preyailing direction, southwest; total movement, 4401 miles; average hourly velocity, 5.9; maximum velocity (for 


five minutes), 24 miles per hour, from southwest, on 3. 


Wearuer.—Number of days, clear, 16; partly cloudy, 5; cloudy, 10; on which .01 inch, or more, of precipitation occurred, 8. 
MiscELLANEOUS PHENOMENA (dates of).—Auroras, 0; halos: solar, 24, 30; lunar, 13, 15; hail, 0; sleet, 0; fog, 0; thunderstorms, 
3, 5; *frost: light, 2; heavy, —; killing, 7. 
*Frosts are not recorded after the occurrence of “killing.” 


DEWEY A. SEELEY, 
Local forecaster, Weather Bureau. 


= 


METEOROLOGICAL TABLES, 


125 


Meteorological observations for the month of November, 1910, at Agricultural College, 


| 


Temperature. 
Date. 

Maximum. 
56 
43 
42 
44 
37 
(RES BG ea ertes Gone oER cues 35 
Cheat se At Mee oS ts? Sees Sane 37 
MOO SHO Coe CE SSAA EIO cree Poko In cic ere 44 
Bs rotates car erereee ose eleoate areie yes a mS 63 
1) s@cicatin come Reece tpna tenants 48 
Ti bi cI oO reenter en ee 36 
De est f aeY acta a rac, Seed he ee ene 40 
SR ae Pi cteucts ae ef as OE Sarre eae 41 
[Eh AE, cen Mee EO ty Snes ee EE ne 33 
1G REM ARR ERA Reopen h tari ec aman 36 
Ode SoS Sea AS pO oe OI Gcn aaa pclae atte 34 
1 (Gertie GEO id REET ORO nts OEE 30 
Sear eiee tes ees rae 30 
1 Rte oe DRIP 6 ATC EEE 39 
DO Se ROC Oe RR OCICOE DOI: ERE aee 42 
OO Se ROCE LABS Sth DROS C SUE, ReSBntGS 38 
7AM Oe AAR Ries Sere er Tee eoE 40 
He GE IIOIC CERIO OIE Roe Oe ere 43 
OA RR Oa He oem eres AE oe oer: 39 
PAT 5 ES eA as eee I ee Pee eee 44 
OG etal wcities tects «Sate iach ha trebles cle ore iaaed 38 
O17 ag ROC OR CIEE eRe HOOD GDon PELE 35 
OTe a a ne ee oe AS 34 
OO OOK EA ORTE Ce nto ce ach SE meen aaen 32 
Bad occ o ARS OSE a Oe OE eee 31 
MGATU apatite ncloeronn trees 39.5 


East Lansing, Michigan. 


(Degrees Fahrenheit.) 


Minimum. 


28 .4 


Mean. 


34.0 


Precipita- 
tion. 
(In inches 


and 
hundredths.) 


14 
-01 
0 


0 
-03 


Total. 
EB Y/ 


Character 
of day. 


Cloudy... ..- 
Partly cloudy . 
Partly cloudy . 


Cloudy....... 
Cloudy.......... 


Partly cloudy . 
ey cloudy . 


Percent 
of 
sunshine, 


14 


bo Cony 
NWwooo cowm 


“aI w 
ooocorf, NOOCUS 


ATMOSPHERIC PRESSURE.—(Reduced to sea level; inches and hundredths.)—Mean, 29.94; highest, 30.31; date, 4; lowest, 


29.61; date, 7. 


TEMPERATURE.—Highest, 63; date, 9; lowest, 21; date, 20; greatest daily range, 27; date, 9; least daily range, 2; date, 1. 
PrReciPITATION.—Total this month, 1.37; snowfall, 5.9; greatest precipitation in 24 hours, .43, date, 27 and 28; snow on the 
ground at end of month, 3.0. 
Winv.—Prevailing direction, northwest; total movement, 5664 miles; average hourly velocity, 7.9; maximum velocity (for 
five minutes), 24 miles per hour, from northwest, on 10. 
WeatHEeR.—Number of days, clear, 2; partly cloudy, 5; cloudy, 23; on which .01 inch, or more, of precipitation occurred, 15. 
MiscELLANEOUS PHENOMENA (dates of).—Auroras, 0; halos: solar, 8, 20; lunar, 8; hail, 0; sleet, 0; fog, 0; thunderstorms, 0. 
DEWEY A. SEELEY, 
Local forecaster, Weather Bureau, 
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Meteorological observations jor the month of December, 1910, at Agricultural College, 
East Lansing, Michigan. 


Date. 


(Degrees Fahrenheit.) 


Temperature. 

Maximum. | Minimum. 
30 23 
28 22 
27 19 
31 13 
25 17 
25 16 
25 16 
21 12 
23 —2 
22 8 
28 18 
30 16 
28 18 
37 22 
34 4 
22 -2 
33 14 
37 23 
30 15 
19 7 
25 9 
33 i] 
34 25 
25 12 
22 7 
31 19 
38 19 
385 29 
34 25 
25 5 
34 8 

28.7 14.5 


Mean. 


21.6 


Precipita- 
tion. 
(In inches 


an 
hundredths.) 


Total. 
1.28 


Partly cloudy . 
Cloudy... =..: 


Cloudy....... 
Cloudy js... 


Cloudy....... 


Partly cloudy. 


Percent 
of 
sunshine. 


aa 
BNOOCO 


i=) 
oo onvooeo 


ArmospPHERIC PressurE.—(Reduced to sea level; inches and hundredths.)—Mean, 30.08; highest, 30.69; date, 13; lowest, 


29.49; date, 19. 


TEMPERATURE.—Highest, 38; date, 27; lowest, —2; date, 16; greatest daily range, 30; date, 15; least daily range, 6; date, 2. 
PRECIPITATION.—Total this month, 1.28; snowfall, 19.8; greatest precipitation in 24 hours .36; date, 28; snow on the ground 


at end of month, 9.0. 


Winv.—Prevailing direction, southwest; total movement, 5252 miles; average hourly velocity, 7.1; maximum velocity (for 
five minutes), 24 miles per hour, from northwest, on 15. : 
WearHer.—Number of days, clear, 4; partly cloudy, 7; cloudy, 20; on which .01 inch, or more, of precipitation occurred, 14. 
MisceLLaNeous PHENOMENA (dates of).—Auroras, 0; halos: solar, 9, 13, 17, 27, 31; lunar, 13, 14; hail, 0; sleet, 0; fog, 4; 


DEWEY A. SEELEY, 
Local forecaster, Weather Bureau. 


thunderstorms, 0. 
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REPORT OF THE MICHIGAN WEATHER SERVICE. 
FOR THE FISCAL YEAR ENDING JUNE 30, 1911. 


The operation of the Weather Service has been confined to the gen- 
eral lines of endeavor that have prevailed for some years past and of 
these, the collection, compilation and filing of detailed records from 
voluntary observers is the principal one. 

The service was inaugurated to cooperate with the United States 
Weather Bureau and secure in detail a thorough knowledge of Michigan 
climatic conditions and it is very admirably accomplishing this result. 
There are ten regular Weather Bureau Stations in the state. All but 
two of them, Grand Rapids and Lansing, are lake shore observatories. 
There were at the close of the fiscal year, one hundred and thirteen 
cooperative, or voluntary observation stations from which reports were 
received monthly. All of these stations keep a record daily of the 
highest and lowest temperature, amount of precipitation, if any, gen- 
eral or prevailing direction of the wind and general character of the 
day as regards cloudiness. The observers also note the actual depth of 
the snow on the ground from day to day, if there is any, and under 
miscellaneous phenomena, keep a record of the occurrence of frost and 
other irregular meteorological data. The voluntary observers as a 
general rule, have been and are now doing splendid work and their re- 
ports are very reliable, regular and prompt. 

The value of the observations, which are taken entirely by public 
spirited or interested citizens without any pay whatever, is of untold 
importance to the state at large. The records find a wider and more 
extensive use from year to year and are a very important factor in de- 
veloping.the agriculture of the state. 

As agriculture has developed, the influence of climate in all its 
phases has become a recognized factor. The records of the Michigan 
Weather Service supply detailed and valuable information on this sub- 
ject for nearly every general locality and for every section of the state. 
For instance, we have just been able to draw graphic charts showing the 
average occurrence of the last killing frost in spring and the first kill- 
ing frost in autumn; the time between these dates shows the average 
length of the crop growing season. Additional charts have also been 
published showing the occurrence of the last known killing frost in 
spring and the earliest known killing frost in autumn. Reference to 
these charts develops the fact that all of the Lower Peninsula of Mich- 
igan has a much longer crop growing season than other states in the 
same latitude. 

Besides their use for scientific purposes, the records are entering into 
many other fields of development of the state’s resources. In locating 
water plants a long record of rainfall in connection with the stream 
flow, is of insistent and decided value. The records are constantly being 
used in a large variety of law cases to settle disputed points regarding 
weather conditions, and they furnish valuable information to the medi- 
cal fraternity and the civic engineer. 
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In the distribution of the daily weather forecasts, the service has 
received great aid from all of the telephone companies in the state. 
The rural telephone is reaching out rapidly to the farming districts and 
any rural subscriber, as well as the city man, can now get the weather 
forecasts at 11 a. m., or after, by simply calling up his “central” and 
asking for it. This service is promoted by the telephone companies 
practically without cost to the state or government, because the tele- 
phone companies find it makes their phones more desirable and in that 
way increases their business. I have inaugurated and have had in opera- 
tion in Michigan for some years, a very complete system of telephone 
distribution, particular attention being given to reaching rural sub- 
scribers. The value of the forecast in case of frost, a cold wave or of 
rain during the growing and harvesting seasons is very great and as 
the farmer is becoming acquainted with the Weather Bureau, he is 
learning to appreciate this service more and more. 

The publishing of the monthly reports has been taken over by the 
United States Weather Bureau, but their dissemination continues as 
before; any citizen of Michigan who desires them and can show any 
reason for their use, can secure these reports by asking for them. 

Besides the monthly reports, there has been issued a Special Climat- 
ology of Michigan, which is published in three parts, one for the Upper 
Peninsula, one for the western half of the Lower Peninsula and one 
for the eastern half. 

These climatologies discuss the general climate of the state and give 
in detail, for a long period of years, monthly and yearly temperature 
averages and precipitation amounts. Last frosts in spring and first 
in autumn for a number of places are also displayed by tables. Besides 
meteorological data, a special reference is made to the topography and 
river systems of the state. 

C. F. SCHNEIDER, 
Section Director, 
Dated at Grand Rapids, Mich., June 30, 1911. 


REPORT OF SUPERINTENDENT OF FARMERS’ INSTITUTES. 


President J. L. Snyder: 

Sir:—As never before, the farmers of Michigan seem to be alive to 
the benefits that may be secured from Farmers’ Institutes. From the 
fact that there had been no increase in the amount appropriated for 
Farmer’s Institutes, it was evident from the very opening of the year 
that it would not be possible to hold more institutes than in the previous 
year and, as it had been necessary for several seasons to restrict the 
number of meetings, it was not deemed necessary nor advisable to urge 
upon the local officers the holding of more institutes than in 1909-10. 
Notwithstanding this, a considerable number of the counties asked for an 
increase in their allotment and many more meetings could have been 
held had the funds permitted. 

There has been no change in the method of looking after the local ar- 
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rangements, this being in the hands: of the county institute societies. 
The work of arranging the institutes falls largely upon the county 
secretaries but, in many of the counties, this work has been shared by 
the president and in nearly every case where one-day institutes have 
been held, the township vice-presidents have acted efficiently as local 
managers. 

In addition to the holding of a two-day institute in each county 
there was a very noticeable increase in the number of counties desir- 
ing one-day institutes which made it necessary to lessen the number that 
could be allowed to the other counties. While in a few cases only 
one or two one-day institutes are desired, in a great majority of the 
counties, nothing less than five or six will answer and several of them 
called for twelve to fifteen. 

In order to do the work required of the secretary of the county in- 
stitute society and especially if a half-dozen or more one-day institutes 
are held, the expenditure of a considerable amount of time is necessary. 
While it has not been difficult in most counties to find some one who 
will take the work for one or perhaps two years, few persons feel that 
they can give the time required for a longer period. This has necessi- 
tated frequent changes and as the new officers are not familiar with their 
duties it has resulted in placing upon this office a large amount of extra 
work. Even when the secretary of a county institute society is fully 
informed regarding his duties and entirely efficient, it has occasionally 
happened that some of the local managers who have been relied upon to 
look after the work of advertising and arranging for the meetings have 
failed to do so and the success of the institutes has been greatly re- 
duced. I am glad to say, however, that in most cases not only have 
the secretaries been very efficient and conscientious in performing the 
duties of their position but the local managers also have done excellent 
work. 


INSTITUTE LECTURERS. 


During the year several additions have been made to the corps of in- 
stitute lecturers and without exception they have shown marked ability 
and have met with unusual success. The duties of institute lecturers 
are by no means as easy as they are generally supposed to be. Aside 
from the physical discomforts to which they are exposed from travel- 
ing in all kinds of weather often taking long drives in the early morning 
or late at night and sleeping in a cold room after spending hours in 
a hot and poorly ventilated hall, the lecturer must be prepared to give 
two or three talks each day that will instruct and interest a somewhat 
critical audience. He is criticised if he is not prepared to give defi- 
nite answers to all of the questions which may be put to him however 
remote they may be from the topics which have been assigned him upon 
the program and those upon which he has arranged to speak. On the 
other hand he is blamed if he gives the experience of others when, he 
has not himself had practical experience along some of the lines under 
discussion. 

In the selection of speakers to handle topics along practical farm- 
ing lines an endeavor has been made to select men who have themselves 
made a success in farming and who are able to present their views 1n 
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a clear and interesting manner. As nearly all of the common operations 
of the farm are based upon natural laws, the better understanding a 
lecturer has of these laws and their relation to the handling of the 
soil and the growth of animals and plants, the more valuable, every- 
thing else being equal, will he be as an institute lecturer. 


ONE-DAY INSTITUTES. 


During the year now closing there have been held in Michigan 368 
one-day institutes at which 84,924 persons have been present as deter- 
mined by actual count at each of the sessions. The usual plan of fur- 
nishing one speaker upon farming topics has been followed and the 
local managers have been urged to secure as local speakers for the fore- 
noon and afternoon sessions two farmers who will outline the methods 
they have used in growing some of the crops or handling some of the 
classes of animals in which the farmers of the section are particularly. 
interested. It has not been found advisable to have more than two 
subjects on the program for the forenoon and three for the afternoon 
sessions. As a third speaker for the afternoon some lady upon topics 
relating to the home or such other matters as might be of general in- 
terest has often been selected. 

In quite a number of the counties arrangements have been made with 
the county commissioner of schools to furnish a speaker upon some 
educational topic who would appear in the afternoon and again for the 
evening program. This plan has very generally given satisfaction but 
in a few cases where local speakers were not upon the program or 
where they failed to appear it was felt that too little time was given to 
topics relating to farm work. The importance of having local speakers 
upon the program should not be overlooked. It should not be difficult in 
any farming community to find one or two farmers who have been 
particularly successful in some line of agriculture or who have had ex- 
perience which will be of value to their brother farmers. It will not 
be necessary and in most cases is not desirable to have them prepare 
a “paper” but if they will merely state the methods they have used and 
the results they have obtained the matter can then be thrown open for 
discussion and much valuable information which will be of general 
interest will be brought out. 

The value of the Grange and Farmers’ Clubs and similar organiza- 
tions has many times been shown at the one-day institutes. Not only 
have they been helpful by supplying halls in which the meetings can 
be held but an attendance is generally assured when an institute is 
located in a section where such organizations exist. It is also an easy 
matter to secure speakers to fill out the program and there is generally 
no difficulty about securing a lively discussion. 


COUNTY INSTITUTES. 


Nearly all of the counties have availed themselves of the privilege of 
having a two-day county institute and in fact several counties instead of 
having four to six one-day institutes have expressed a choice for the 
holding of two or three two-day institutes. While this has seemed to 
answer very well in quite a number of places in a great majority of 
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the counties it is undoubtedly better to held to the plan of having only 
one of the institutes last more than one day and that the county in- 
stitute. This plan makes it possible to bring an institute within easy 
reach of nearly all the farmers in a county. As now conducted the cost 
of the county institutes is much greater than that of the one-day meet- 
ings. Not only do they last twice as long but instead of one speaker 
whose entertainment and transportation about the county is looked 
after by the local management, three and sometimes four speakers are 
furnished and their traveling expenses and hotel bills are paid from 
the State institute funds. 

With very few exceptions separate sections have been held for the 
women in connection with the county institutes and in most instances 
where it has been put to a vote a request has been made for the hold- 
ing of women’s sections during the coming year. The criticism that 
the women are interested in all of the topics upon the program for 
the general session and that the men are equally interested in the topics 
discussed at the women’s session is sometimes heard but it is seldom 
possible to find time for all of the topics upon the programs of the 
general sessions and however much the women may be interested in 
the general session or the men in the topics on the program for the 
women’s section in most cases they will be most benefited by following 
the program as planned, especially as each can learn from the other 
what has been said. From the very beginning of the women’s sections 
it has always been reported that the women have entered more freely 
into the discussion of topics relating to the home in the women’s section 
than when upon the program for the general session. In many places 
it is difficult to find a hall sufficiently large to hold all who wish. to 
attend the farmers’ institute but by meeting in two sections the trouble 
is solved. For these, and other reasons the holding of women’s sections 
in connection with the county institutes is strongly advised. 

In making out the programs for the county institutes there is al- 
ways opportunity for using one or two local speakers. The opportun- 
ity should not be neglected as it will often strengthen the program and 
at the same time prove perhaps even more helpful to the speakers them- 
selves. 

Through the kindness of Prof. W. J. Spillman, we were favored by 
the presence of Prof. C. B. Smith, of the Bureau of Farm Management, 
U. S. Dept. of Agriculture, at a number of the county institutes in 
northeastern Michigan. Many complimentary reports upon his work 
have been received as has also been the case with Prof. W. J. McDowell of 
the same Bureau, who was with the institute train for twelve days. 

Prof. Smith formerly lived in Montmorency county and is now the 
owner of a farm near Atlanta. This with his work for the Department 
of Agriculture, which in part consists in studying the problems of the 
pine plains, made him a valuable man for the work and it certainly 
was highly appreciated by this office as well as by the farmers who 
met him. 

For most of the county institutes it has been the custom to send 
two lecturers upon farming topics and one lady speaker and during the 
last year a speaker furnished by the courtesy of Hon. Townsend A. 
Ely, State Highway Commissioner, has also been present at most of 
the meetings. Frank F. Rogers, Deputy State Highway Commissioner, 
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who has received most of the assignments was everywhere listened to 
with the best of attention and his addresses made at the farmers’ in- 
stitutes will undoubtedly have much weight in the campaign for better 
roads. 

The cause of education has also been upon the program for most of 
the county institutes and quite a number of the county commissioners 
and members of the faculties of the normal schools have taken part. 

From the fact that speakers at the one-day institutes usually make 
the tour of a county and because they are not able to leave their classes 
for any length of time, very few of the faculty of the Michigan Agricul- 
tural College and of the Experiment Station staff have attended the 
one-day institutes but a considerable number have been upon the pro- 
grams for the county institutes. 


ROUND-UP INSTITUTE. 


Owing to the action taken two years ago by the Board of Agriculture 
which voted to hold the Round-up Institute each year at the Agricul- 
tural College a change was made fromthe former plan of meeting there 
upon alternate years only and a program was arranged for the hold- 
ing of the Round-up Institute at the Agricultural College on February 
28, March 1, 2 and 3. 

The live stock pavilion was used for the general session and several 
of the adjacent rooms were given up to exhibits. The general plan 
of the program was the same as used last year, particular attention 
being given to topics relating to the soil and to the production of 
farm crops. This course was adopted from the fact that live stock 
topics had received attention at meetings held under auspices at about 
the same time. The meeting of the State Dairymen’s Association 
occurred on the week previous while ‘Farmers’ Weeks” at which 
special attention was given to poultry and dairying were held at the 
college respectively just before and after the Round-up Institute. The 
State Live Stock Breeders also had their annual meeting at the col- 
lege in January. 

The program called for a continuation of the plan adopted last year 
and Professor J. A. Jeffery, Professor F. S. Kedzie and Professor V. 
M. Shoesmith took up the topics in the series assigned to them and 
each gave four lectures, using about thirty minutes after which an 
equal period was allowed for questions and discussion. The idea seemed 
to meet with general approval. The program for three afternoon and 
three evening sessions was of a more general nature. Among the topics 
receiving particular attention being: Fruit Growing; Corn Culture; 
Alfalfa Growing; Dairying and Stock Feeding. At the evening sessions 
House Heating; Gravel Roads; Play Grounds; Boys and Girls; Farm- 
ers’ Institute lecturers and the work of the Agricultural College were 
among the subjects discussed. 

Aside from the institute lecturers and members of the college faculty 
who took part in the program, were Willis O. Wing, Mechanicsburg, 
Ohio; Professor G. C. Humphrey, University of Wisconsin; Professor 
Wim. A. McKeever, Kansas Agricultural College; Professor John Hamil- 
ton, Farmers’ Institute Specialist, US S. Department of Agriculture; 
Professor 8S. T. Maynard, Northboro, Mass., and John I. Gibson, Man- 
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ager of the West Michigan Development Bureau. The addresses so far 
as the manuscripts have been furnished, will be printed in the report. 

A Women’s Congress was held on Thursday and Friday afternoons 
and among the speakers were Mrs. H. H. Fulcher, St. Louis and Miss Ida 
L. Chittenden, Lansing. 


EXHIBITS. 


More than usual attention was paid to the securing and installation 
of exhibits. The large show room used by the farm mechanics depart- 
ment was secured for an exhibit of spraying machinery. The Associa- 
tion of Manufacturers of Spraying Machinery and Supplies aided ma- 
terially in obtaining and advertising this exhibit. It was participated 
in by all of the leading manufacturers of power spraying machinery 
located in Michigan as well as several from other states; and, as many 
of them exhibited two or three power outfits, the showing was not 
only very large but quite complete and instructive. Among those 
participating were: The Air Cooled Engine Company, Lansing; Brown- 
Bair Motor Company, Grand Ledge; Champion Mfg. Company, Pontiac; 
Beck Motor Company, Lansing; M. D. Buskirk, Paw Paw; Fairbanks, 
Morse & Co., Chicago; Goulds’ Force Pump Co., Seneca Falls, N. Y.; 
Hardie Mfg. Co., Hudson, Mich.; E. C. Brown & Co., Rochester, N. Y.; 
Hildreth Mfg. Co., Lansing; International Harvester Co., Chicago; 
New-Way Motor Co., Lansing. 

In the way of spraying supplies the only exhibitors were, Dow 
Chemical Co., Midland, and the Devoe & Raynolds Co., Chicago, E. M. 
Hunt, Lansing, had a very .complete exhibit of bee-keepers’ supplies. 

One of the most interesting exhibits was made by the West Mich- 
igan Development Bureau. This included some fifty boxes of apples 
grown in Michigan in 1910. They not only showed what can be done 
in Michigan in the way of apple growing when orchards are given 
proper attention as in size and color they were fully equal to the prod- 
uct of any other part of the country and far surpassed most other apples 
in flavor and aroma but they demonstrated the superior keeping quali- 
ties of Michigan apples as this same fruit had been shown in a hot 
room for two weeks at the Chicago Land Show and for shorter periods 
at one or two other meetings and were still firm and with little change 
in color. [Exhibits of fruits preserved in liquids were also made showing 
the adaptation of northwestern Michigan to the growing of peaches, 
plums, cherries and other summer fruits. 

The Horticultural Department of the Experiment Station had a very 
interesting exhibit of apples showing the comparative results obtained 
from spraying with Bordeaux mixture and lime-sulphur solution. Not 
only were the fruits sprayed with lime and sulphur much freer from 
scab but they seemed to be larger, better colored and entirely free 
from any injury due to the spraying material. While some of the 
Specimens upon which Bordeaux mixture had been used were quite 
free from injury, many of the varieties were badly russetted. 

_ The Farm Crops Department had an exhibit of grains which attracted 

considerable attention. It contained a large number of varieties of 
wheat, both straw and grain being shown and specimens illustrating 
the effect of selection with timothy. and alfalfa. 
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The Bacteriological Department showed cultures of various kinds 
and specimens of animal tissue diseased with hog-cholera, tuberculosis 
and other bacterial troubles. 

During the Institute visitors found time to examine the equipment of 
the other departments and found much of interest in all of them. The 
college barns, greenhouses, laboratories and museum seemed to attract 
the most attention. 


MUSIC. 


The afternoon and evening sessions of the Institute were enlivened 
by a number of musical selections. For Wednesday afternoon the 
music was furnished by the orchestra of the State Industrial School 
for boys; and on Friday afternoon the Industrial School choir was 
present and rendered several selections. On Thursday afternoon the 
orchestra and choir of the State School for the Blind furnished the 
music. For the other sessions the music was supplied by college talent, 
—the College Band, College Orchestra, College Choir and several soloists 
being on the program for the different sessions. The arrangement of the 
music was in the hands of Miss Louise Freyhofer, instructor in music 
at the college, and acknowledgment for the services of the different 
organizations is hereby made to Supt. E. M. Lawson, of the Industrial 
School, Supt. C. E. Holmes, of the School for the Blind, Prof. A. J. 
Clark, Director of the College Band, and the leaders and members of 
the other musical organizations. 


WOMEN’S CONGRESS. 


Upon Thursday and Friday afternoons special sessions for the women 
were held and the attendance and interest compared well with other 
years. The topics discussed with the papers and discussion are given 
in the report. The subjects related largely to the training and care 
of children. 

In order to interest the ladies while topics relating to the soil and 
farm crops were being presented in the general session arrangements 
were made for special demonstrations on Wednesday, Thursday and 
Friday forenoons. These were held in the Women’s Building, college 
greenhouses, Engineering Building, Bacteriological Laboratory and poul- 
try houses. 


INSTITUTH TRAINS. 


During the latter part of March and the first week in April a “Better 
Farming” .institute train was run over three of the railroads,—the 
Grand Trunk, the Pere Marquette and the Grand Rapids and Indiana. 
The main line of the Grand Trunk from Vicksburg to Port Huron was 
traversed, also the Grand Haven division between Durand and Coopers- 
ville. Upon the Pere Marquette a run was made from Grand Rapids 
to Petoskey, including a side trip from White Cloud to Hart. The Grand 
Rapids and Indiana furnished a train from Petoskey in the extreme 
northern part of the state to Sturgis which is very near the Indiana 
line. Five days were spent upon each of the above roads and the train 
made six stops each day. 

In its equipment the “Better Farming” train of 1911 did not differ 
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materially from that of 1910. There were three passenger coaches in 
which five or six talks of five minutes each were given after which the 
visitors were taken through the exhibit cars. One of these contained a 
complete outfit of dairy machinery, including milk testers, separators, 
chuims and butter workers; another contained a dozen or more breeds 
of poultry, models of poultry houses, samples of poultry feed, ete. A 
third car was occupied by the bacteriological exhibit which did not 
differ materially from that shown at the Round-up Institute. The fourth 
car was utilized for an exhibit of grain and forage crops and for an 
exhibit by the horticultural department illustrating pruning, graft- 
ing, spraying and the use of cover crops. Samples of some of the more 
dangerous insects and diseases and remedies for them were also dis- 
played. 

The attendance throughout the entire trip exceeded that in any previ- 
ous year except upon one or two days when the weather was quite 
stormy. Ata very large proportion of the places where stops were made 
the number reached 3800 to 350 persons which was about as many as 
could be readily accommodated upon the train. The attendance at 
Soopersville, Fremont, Shelby, Bellaire and Reed City ranged from 500 
to 550 and for the twelve days with 61 stops there was an attendance of 
18,800. 

Among those who were with the train as lecturers or demonstrators 
were Prof. J. C. McDowell, of the Farm Management Bureau, U. 8. De 
partment of Agriculture; W. F. Raven and A. R. Potts, Field Agents; 
Prof. C. P. Halligan and Instructor O. I. Gregg, of the Horticultural 
Department; W. B. Liverance of the Dairy Department; Dr. Ward Gilt- 
ner of the Bacteriological Department and H. L. Kempster and J. O. 
Linton of the Poultry Department. L. W. Hopkins and C. H. Knopf 
acted as demonstrators. 

Especial interest was shown in the lectures and exhibits relating to 
alfalfa and spraying although all of the lines illustrated received care- 
ful attention. 


EXHIBITS AT THE INSTITUTES. 


One of the features which has been quite generally introduced at 
the county institutes and which has received some attention at the 
one-day institutes has been the exhibits of farm crops and work of the 
public schools. In some counties considerable prizes have been offered 
for the best exhibits of corn, grains, potatoes and other farm crops grown 
by farmers while in others a part or all of the prizes have been limited 
to crops grown by boys or girls under eighteen years of age. In several 
counties boys’ corn clubs have organized under the auspices of the 
county institute societies and especially where they have had the co- 
operation of the county commissioner of schools they have resulted in 
bringing out a Jarge number of exhibits many of which compare very 
favorably with those shown in the classes for adults. In a few counties 
the prizes have also been offered for the best loaves of bread, samples 
of plain sewing, etc. exhibited by girls. 

Wherever this work has been taken up it has not only added to the 
attendance and interest at the institutes but it will also undoubtedly 
have a beneficial effect upon rural life in Michigan for years to come. 
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If funds were provided for the purpose the work could be so directed 
and systematized as to extend the work over the state and bring it 
to the attention of the boys and girls of every township. 


INSTITUTE SCHOOLS. 


For several years the plan of holding institute schools in different 
parts of the state has been advocated and the time now seems ripe for 
doing so. At the regular institutes the discussion has related largely 
to the methods of growing farm crops and the care of domestic ani- 
mals but, while there is still a broad field for further work along this 
line, there are many thousands of farmers in Michigan who are thirst- 
ing for a knowledge of the natural sciences which underlie all of the 
operations of the farm. They are not able to leave home to attend the 
Agricultural College even for the short courses and vet would gladly at- 
tend an institute school lasting four or five days if one could be held 
within a short distance of their homes. To take up this work would 
either require an increase of the present force of instructors at the col- 
lege which would make it possible for three or four men from as many 
departments to leave their work at the college for two or three months 
during the winter, or the organization of a corps of lectures for con- 
ducting institute schools. 

In a number of the states from $15,000 to $25,000 annually are spent 
for this class of extension work in addition to an equal amount used 
for farmers’ institutes. For a number of years the amount that has been 
available for the holding of the regular farmers’ institutes, aside from 
the amount used for the Round-up Institute, institute trains, printing 
and mailing the annual institute report, and for administration and 
office expenses, has been little if any more than $5,000. In very few of ~ 
the neighboring states is the appropriation for institutes less than 
$20,000 and in several of them it is more than $30,000 per year. 

The cost of holding a one-day institute varies from $2.00 to $2.50 
per session where three sessions are held while for the county institutes 
with three or four speakers it is not far from $10.00 per session. The 
average cost of the regular institutes is less than $5.00 a session, or a 
little more than three cents for each person in attendance. The re- 
ports received from the officers of county institute societies indicate 
that there is a demand for a considerable increase in the number of 
meetings and as this will call for but a slight additional expense, the 
holding of more meetings in places where there is sufficient interest 
to warrant it is heartily recommended. 

Respectfully submitted, 
= TARE 
Supt. Farmers’ Institutes. 
Kast Lansing, Mich., June 30, 1911. 
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REPORT OF THE STATE INSPECTOR OF NURSERIES AND 
ORCHARDS. 


To the State Board of Agriculture: 

Gentlemen: The work of nursery and orchard ‘inspection during the 
past year has been mainly along three lines, viz.: First, to insure by 
the careful inspection of all imported stock that the seedlings and trees 
brought in from other countries and used by the nurserymen are free 
from dangerous insects and diseases; second, that the stock growing 
in the nurseries does not become infested before it is sent out to the fruit 
growers; third, by the inspection of orchards to ascertain when orchards 
have become infested and assist the owners to combat the difficulty. 

By arrangement with the Bureau of Entomology of the United States 
Department of Agriculture, and the Bureau of Horticulture of the New 
York State Department of Agriculture, reports of the arrival of all ship- 
ments of nursery stock are received. During the year nearly 500 cases were 
imported into Michigan, fully three-fourths of which were consigned to 
parties either at Monroe or Detroit, and, except when they were of 
bulbs or plants not likely to be infested, the contents of the cases were 
carefully inspected. 

In 1909 nearly every case of pear, plum and apple seedlings contained 
a number of the nests of the brown-tail moth, and as each nest may con- 
tain as many as 400 larvae it was not uncommon to find as many as 
10,000 of these insects in a single case of seedlings. 

The brown-tail moth was imported into Massachusetts, presumably 
upon rose bushes, some twenty years ago and it has now spread into 
all of the New England states. It feeds upon fruit trees and often 
does much harm to forest trees, especially the oaks. 

There is another [European insect whose importation it is of even 
more importance to guard against. This is the gypsy moth, an insect 
which may do even more harm than the brown-tail as it feeds upon a 
greater variety of vegetation, it being stated that the only tree, shrub 
or herbaceous plant upon which it is not found is tobacco. 

No indication of the presence of this insect upon nursery stock has 
ever been found in Michigan, but it has been discovered upon European 
shipments in New York and Ohio. 

Owing to the remonstrances that were sent to the European nurseries, 
upon the condition of the stock received in 1909, greater care was evi- 
dently taken to see that the stock was free from infestation, as the num- 
ber in 1910 was greatly reduced and most of them were small or empty 
nests, and the shipments received in 1911 were practically free from 
them. 

However, it is not deemed advisable to abandon the examination of 
imported stock as even though a single nest is imported it would be 
only a few years before it had spread all over the state and Michigan 
might then be in the condition of Massachusetts where over one million 
dollars is annually expended in controlling the brown-tail and gipsy 
moths. 
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The number of nurseries in Michigan is increasing each year, but the 
increase is in the number of firms engaged in growing and selling straw- 
berry and other small fruit plants rather than in those who grow tree 
fruits. Not only are there some thirty parties in Michigan who grow 
only strawberry plants for sale, and who have taken out licenses as 
nurserymen, but there are twice as many more who grow plants to 
supply the nurseries. All of these plantations must be inspected but 
as a rule the time required is short. 

With the spread of the San Jose scale in the state it is not strange 
that it has appeared upon the stock in some of the nurseries, but the 
care taken is such that it is not likely to be distributed upon nursery 
stock. 

It is most often found upon stock that has been carried over for three 
or four years, and it has been necessary to order the complete destruc- 
tion of several of such lots of trees. The nurseries have been advised 
to clean up all blocks of trees just as soon as possible and thus lessen 
the danger of their being infested. 

When the San Jose scale is found in blocks of saleable trees, the in- 
fested trees are destroyed, and all others fumigated with hydrocyanic 
acid gas, using one ounce potassium cyanide to 100 cubic feet of space 
for one hour. 

In case the scale is found early in the season the trees are sprayed 
with lime-sulphur solution at such times as will catch the larvae, and 
the trees are reinspected just before they are dug. 

In attempting to rid a nursery of the scale in addition to destroying 
badly infested trees and cleaning out all trees and bushes in the vicinity 
which could form harboring places for them, the trees are systematically 
sprayed. During the dormant period one or two applications of some 
commercial brand of lime-sulphur solution, diluted 1 to 8, are made, 
and in the summer four applications with a dilution of 1 to 25, or a 
little stronger towards the last, are given the trees. 

To have the summer sprays effectual it is important that they be given 
while the larvae are crawling upon the trees, or before the scale cover- 
ing has turned black, as otherwise the weak solutions would not destroy 
them. 

The exact time varies with the season, being later when the weather 
has been cold, but a good rule is to spray a week or ten days after the 
first larvae appear and again a week or two later. This applies to 
the first and second broods, making four sprays during the growing 
season. 

When the applications are thoroughly made, very few trees will show 
the least sign of being infested. This plan should be followed in all 
nurseries located in sections where the San Jose scale has appeared. 

Improvements in spraying machinery for use in nurseries and better 
knowledge of spraying methods should enable the nurseries to reduce 
the loss of trees to a minimum and improve the quality of the stock. 

Comparatively few other dangerous insects or diseases have beeu 
found in the nurseries. Among the most troublesome has been the 
woolly aphis which has done considerable harm in some nurseries. The 


DEPARTMENT REPORTS. 139 


loss can be greatly reduced if all stocks and buds are fumigated and 
care is taken to use new land, or rather land upon which apples have 
never been grown, or at least not within five or six years. 


SAN JOSE SCALE IN ORCHARDS. 


Many of the old and neglected orchards in the southern half of the 
state are showing the work of the San Jose scale, but as most of the 
trees are practically worthless and as, under the conditions, it will be 
well-nigh impossible to save them by spraying, the law has not been in- 
voked, except in cases where they are in the vicinity of nurseries or 
of orchards which the owners wish to save. 

Many of the trees are growing in locations where at best they can- 
not ke made profitabie, and comparatively few of the older trees are 
of varieties that are desirable for commercial purposes. They are so 
full of water sprouts and dead branches that they cannot be effectually 
spraved and a great majority of the attempts would result in failure. 
In many cases where men have been ordered to spray their trees, the 
results have shown that it was done in a perfunctory manner. To en- 
sure the proper spraying of all of the infested trees would require an 
army of men and then in a majority of cases it would hardly be worth 
the effort, as satisfactory results would not be obtained unless the trees 
were thoroughly pruned and the spraying kept up during the season. 
The average farmer does not care enough for his orchard, or have suffi 
cient faith in the virtue of spraying to do the work properly, even 
though he had the time and could secure a suitable outfit. 


COMMERCIAL SPRAYING. 


One of the greatest helps in fighting the San Jose scale and improving 
the condition of Michigan orchards would be to have one or more men 
in each neighborhood who would purchase power spraying outfits and 
spray the orchards of their neighbors. Many farmers have sufficieni 
faith in spraying to be willing to pay a fair price to get their trees 
sprayed, but they do not have the time and do not wish to go to the 
expense of purchasing an outfit, and the parties who take up the work 
would find it very remunerative for from three to five months in the 
year. 

DISTRIBUTION OF THE SCALE. 


While the San Jose scale is being gradually distributed in the more 
southern counties it does not work northward very fast. There is 
very little north of a line drawn from Ithaca to Ludington. In former 
years it was found upon single trees near Frankfort and  Ben- 
zonia, and this season a number of trees in Mason and Manistee counties 
have been found to be infested but the fact that it is spreading north- 
ward so slowly would imply that although it may appear it is not likely 
to be as troublesome as in the more southern counties. 


THE RESULTS ARE ENCOURAGING. 


Many farmers whose orchards have been infested have found the San 
Jose scale to be a blessing in disguise, as they have had little difficulty 
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in keeping it in check and, as a result of the spraying for the scale, 
they have destroyed most of the other troublesome insects and have 
kept the dangerous diseases in check. 

The marked improvement in the condition of the apple orchards in 
many sections of the state can be indirectly ascribed to the presence 
of the San Jose scale as it was found that good crops were secured 
where the trees were sprayed, and as a result there has been almost 
a revolution in the care given to the orchards, and more power orchards 
spraying outfits were sold in Michigan last year than in the entire 
period since spraying has been practiced. 


PEACH YELLOWS AND LITTLE PEACH. 


Both of these diseases have been more than usually troublesome dur- 
ing the past year. The former has become quite widespread in Oakland 
county and cases of the genuine “little peach” have also been found there. 
Both diseases are quite common in all of the southwestern counties of 
the state. 

In most of the counties where these diseases have appeared even 
ereater harm has been done by Little Peach than by Peach Yellows. 
While this may in part be attributed to the fact that its presence is more 
difficult to detect, as well as because comparatively few are familiar 
with its characteristics, it really does appear to be more virulent, and 
when they are both allowed to spread without restraint the orchards will 
be more quickly wiped out and the destruction will be more complete 
with Little Peach than with Peach Yellows. 

On the other hand, it has been demonstrated that, if all of the infected 
trees in a given section are destroyed, the loss can be kept to a small 
per cent and by replanting where infected trees are taken out the trees 
will hardly be missed in the orchards. In order to have the work effectual, 
however, concerted action is necessary and this will in most sections 
require thorough and prompt action on the part of the orchard inspec- 
tors. 

THE SPREAD OF THE DISEASE. 


Many have claimed that the Yellows and Little Peach are spread in 
nursery stock, through the use either of infected pits or of buds from 
infected trees, but this does not seem to be based upon fact as trees have 
been shipped by the thousands to Benzie, Grand Traverse and other 
northern counties from the same nurseries as other trees which were 
shipped to Allegan and Kent counties, but while the latter have been 
attacked those shipped to the northern counties have never shown 
the disease. If it was in the trees there is no reason why all of them 
should not show it. Some may claim it was because of different climatic 
conditions, but thousands of cases can be found where nurseries have 
shipped peach trees from certain blocks to forty or more counties in 
Michigan, as well as to other states, and the only trees which were at- 
tacked by Yellows or Little Peach were those shipped to counties where 
the disease prevailed. Had the trees been infected, the appearance of 
the diseases would have been general, but as this was not the case the 
theory does not seem to hold good. It would appear then that Peach 
Yellows spreads chiefly in the orchards, if not entirely, and the spread 
seems to be mainly in the spring. 
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WHAT Is IT? 


During the last year or two a disease has been noticed which, although 
it resembles Little Peach, differs from it in at least one important char- 
acteristic. While in Little Peach the fruits, which have stopped grow- 
ing when of the size of a large peach pit, do not soften and ripen until 
after the normal time, if at all, in the cases referred to the fruit not 
only softens but it apparently ripens prematurely, although neither 
the tree nor fruit show any of the characteristics of Peach Yellows. 

The fruit somewhat resembles that on trees injured by borers, but the 
leaves are like those on trees attacked by Little Peach, except that they 
seem somewhat mottled, green and yellow. The disease, whatever it 
iay be, appears to kill the trees within three years and should be treated 
as a dangerous one. 


COOPERATING WITH LOCAL INSPECTORS. 


During the past year a large amount of time has been spent with 
members of local inspection beards, who have asked for assistance either 
because they wish information regarding their duties or because they 
have difficulty in having their orders carried out. 

These visits have resulted both in making the local inspectors more 
efficient and spurring them on to do more work. It has also brought 
about a change in the attitude of the owners of infected orchards and 
a more prompt compliance with the orders of the inspectors. 


UNSCRUPULOUS AGENTS. 


For ten or fifteen dollars enough fruit trees can be purchased to 
plant an acre of orchard. If the trees for any reason prove worthless 
the money is wasted. This amount, while small, is more than most 
people care to be cheated out of, but in reality it is only a small part 
of what one loses when the trees set upon an acre of land, for any 
reason turn out a swindle. To the first cost must be added the labor 
of planting and of cultivating, pruning and spraying the trees, as well 
as the use of the land until they reach a bearing age, to say nothing of 
pulling out the trees when their worthlessness has been ascertained. 
The total may amount to five or ten times the first cost of the trees, 
without considering the loss of prospective profits from the orchard 
which should be the greatest loss of all. 

For this and other reasons one cannot be too e¢areful in purchasing 
trees. There is always a chance of error in the best of nurseries but 
too many seem to care little what they use for filling their orders. 

One source of loss comes from giving orders to irresponsible dealers, 
or traveling agents, some of whom do not stop at any form of misrepre- 
sentation and deception, if they can secure the orders. While it may 
be going too far to advise against buying trees except from a nursery 
or agent of known standing, it will be safe not to put faith in any 
claims out of the ordinary. 

Do not “bite” because a certain variety is claimed to be free from 
attack by insects or diseases, or because it is of unusual size or pro- 
ductiveness. Next to being led to buy new kinds because they are said 
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to have same wonderful characteristics, the buying of some old sort 
under a new name, or a name that is not recognized, is to be guarded 
against. Thus, one firm sells the C. de Nantes pear at a high price 
and people buy it as a new variety. It is really the old and common 
variety Clairgeau, the old name of which is Clairgeau de Nantes. 

Some agents freely offer to “guarantee” their trees to do certain things, 
and many are caught by this, but one should not forget that he will 
probably never see the agent again and that at best the “guarantee” is 
of no value. 

Many agent’s contracts read, “No agent is authorized to make any 
change, whatever, in the terms of this contract and no changes by him 
will be accepted.” For this reason it is not advisable to expect that any 
unusual promises will be carried out. 

Several cases have arisen during the past year where agents who 
carried certificates signed by certain nurseries, stating that they were 
their agents, have been repudiated by the nurseries which claimed that 
they had only agreed to sell the trees outright to them and that the so- 
called agents were really doing business on their own account. 

Many contracts are not properly filled out. Thus, in some cases it 
merely says, “100 Peach” without in any way indicating the varieties or 
the grade to be furnished, although the agent agreed verbally to fur- 
nish a certain variety for which the price was several times as high as 
for ordinary varieties. Under the contract signed by the purchaser 
the nursery could put in any variety he might wish to dispose of. 

In view of the many fraudulent transactions by traveling tree agents, 
every one is advised not to enter into any agreement with an agent un- 
less he represents some nursery of good standing, and then care should 
be taken that the contract specifies clearly the varieties and grades 
to be furnished, as well as the price to be paid for them. Before sign- 
ing any contract, insist on being allowed to mail a copy to the nursery 
for its acceptance and be sure that the contract has been carried out be- 
fore paying for the trees. 


LOCAL INSPECTORS SHOULD BE APPOINTED. 


With the growing interest in fruit culture in Michigan and the spread 
of dangerous insects and diseases, there is greater need than ever before 
for the appointment of local orchard inspectors in every township, vil- 
lage and city where such insects and diseases are known to exist. 

Against the Peach Yellows and Little Peach, as well as many other 
diseases, united action is imperative and the same holds true to a certain 
extent against many of the dangerous insects. Fruit growers living 
where no appointments have been made should petition the township, 
village or city boards and insist upon the appointment of competent in- 
spectors. 


LICENSED NURSERIES AND DEALERS FOR 1910-11. ; 


A list of the nurseries located in Michigan and other states, as well 
as of the dealers licensed to sell nursery stock in Michigan, is appended : 
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LICENSED NURSERIES. 


Allen Brothers, Paw Paw. 

Ayers, C. J., Adrian. 

Baldwin, O. A. D., Bridgman. 
Barnes, Ben, Traverse City. 
Bashford, C. L., Mason. 

Berrydale Experiment Gardens, Holland. 
Boehringer Brothers, Bay City. 
Blake, Wm., Niles. 

Blanchard, Mrs. D. A., Portland. 
Bragg & Co., L. G., Kalamazoo. 
Brown, D. M., Grand Rapids. 
Buskirk, C. M., Big Rapids. 

Celery City Nurseries, Kalamazoo. 
Central Nursery and Floral Co., Kalamazoo. 
Clark, D. H., Holland. 

Cole, Levant, Battle Creek. 

Coloma Nursery Co., Coloma. 
Coryell, R. J., Birmingham. 
Cukerski, Wencel L., Grand Rapids. 
Culver, O. B., Colon. 

Cutler and Downing Co., Benton Harbor. 
Daly, T. W., Watervliet. 

Dean, Geo. N., Shelbyville. 

Dressel, G. L., Frankfort. 

Dunham, E. W., Baroda. 

Dutton, Chas. S., Holland. 

Elliott, Hanson B., Harbor Springs. 
Essig, W. W. & Co., Detroit. 
Ferrand, E., & Son, Detroit. 
Flansburgh, C. N. & Son, Jackson. 
Flansburgh-Potter Co., Leslie. 
Genesee County Nurseries, Flint. 
Gobiel, Patrick, St. Joseph. 

Greening Nursery Co., Monroe. 
Gustin, C. F., Adrian. 

Haines, J. W., Eaton Rapids. 
Hamilton, A. & Sons, Bangor. 

Hart Pioneer Nursery, Hart. 
Havekost, G. H., Monroe. 

Hawley, G. A., Hart. 

Hawley, H. E., South Haven. 
Helmer Farm Nursery, Battle Creek. 
Hodges, Ezra and Son, Mayville. 
Husted, N. P. & Co., Lowell. 
Ilgenfritz, Chas. A., Monroe. 
Ilgenfritz Sons’ Co., I. E., Monroe. 
Jeffrey, James, Sr., Kalamazoo. 
Jesse, Harmon V., Stockbridge. 
Jones, Ralston 8. and Son, Holland, 
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Kalamazoo Nurseries, Kalamazoo. 
Katzenberger, Val, Saginaw. 

Kerr, J. W., Montrose. 

Kellogg Co., R. M., Three Rivers. 
Knapp, W. F., Monroe. 

Knight & Son, David, Sawyer. 

Lock, Daniel, Union Pier. 

Marvin, O. F., Holton. 

Maudlin Nursery, The E., Bridgman. 
Mayer, M. Jr. Merrill. 

McCormick’s Nursery Co., Monroe. 
Michigan Nursery Co., Monroe. 
Miller, Abner, Fennville. 

Morrill, Roland, Benton Harbor. 
Munson, W. Kk. & Son, Grand Rapids. 
Myers, P. J., Bridgman. 

Negaunee Nurseries and Greenhouses, Negaunee. 
Nehmer and Sons’ Co., Daniel, Ontonagon. 
Nelson, J. A. & Son, Paw Paw. 
Newell, Reuben, Highland Park. 
Pier, Frank D., Leslie. 

Pilkinton, 8S. H., Portland. 

Pontiac Nursery Co., Detroit. 
Powers, Chas. & Son, Saugatuck. 
Prestage, J. G., Allegan. 

Prudential Nursery Co., Kalamazoo. 
Retz, Mathias, Riverside. 

Rokely, J. N., Bridgman. 

Rice, Greta B., Port Huron. 

Schild, H. J., Ionia. 

Singer, W. H., Lapeer. © 

Smith, Henry, Grand Rapids. 
Speyers, Chas. M., Willis. 

Spielman Brothers, Adrian. 
Stephens, John 8., South Haven. 
Stoddard, L. H., Kalamazoo. 

Stone, John and Son, Hillsdale. 
Sullivan and Baker, Adrian. 

Taplin, Stephen, Detroit. 

Thrasher, C. D., Hamburg. 

Tossy, L. F., Detroit. 

Tuttle and Lamphear, Raw Paw. 
Weston, A. R. & Co., Bridgman. 
Whitten, C. E., Bridgman. 
Wildemere Gardens, Royal Oak. 
Wise, Ralph, Plainwell. 

Wolverine Nurseries, Detroit. 
Wolverine Co-operative Nursery Co., Paw Paw. 
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LICENSED DEALERS. 


Alferink, Albert, Holland. 
Augustine, L. D.; St. Joseph. 
Beattie, Thos., Detroit. 

Bowen A. D., Bear Lake. 

Collins, W. E., Fennville. 

Crowley, Milner & Co., Detroit. 
Davison Nursery Co., Davison. 
Dow, H. C., Kibbie. 

Drought, Wm., Douglas. 

Fair Oaks Nursery Co., Traverse City. 
Freyling and Mendels, Grand Rapids. 
Grand Rapids Nursery Co., Grand Rapids. 
Hall, Frederick T., Greenfield. 
Healy, Wm., Bloomingdale. 
Herpolsheimer Co., Grand Rapids. 
Heyboer, A., Grand Rapids. 

Hibbler, Edwin B., Detroit. 

Hudson Co., J. L., Detroit. 
Kingsbury, Lathrop, Muskegon. 
Lohrman Seed Co., Detroit. 

Merrill, W. F., South Haven. 

Nash, C. C., Kalamazoo. 

Pearson Co., D. S8., Grand Rapids. 
Radewald, Otto, Niles. 

Rood, Frank E., Covert. 


Smith Mercantile Co., Ira M., Grand Rapids. 


Sodus Nursery Co., Sodus. 

Strittmatter, Adolph, Detroit. 

Sweet, L. H., Carsonville. 

Slanker Nursery Co., Benton Harbor. 
Trankla, Chas. & Co., Grand Rapids. 
Utter, J. J., Bravo. 

Walthers’ Department Store, Bay City. 
Webb, D. S. & Co., Traverse City. 
Westgate Nursery Co., The H. L., Monroe. 
Winkworth, R. M., Detroit. 


LICENSED FOREIGN NURSERIES. 


Allen Nursery Co., Rochester, N. Y. 
Bogue, Nelson, Batavia, N. Y. 
Brown Brothers’ Co., Rochester, N. Y. 
Bryant Brothers, Dansville, N. Y. 
Bryant, Arthur & Son, Princeton, Ill. 
Cartwright, I. D., Toledo, Ohio. 
Charlton Nursery Co., Rochester, N. Y. 
Chase, Chas. -H., Rochester, N. Y. 
Chase Brothers Co., Rochester, N. Y. 
Chase Nurseries, The, Geneva, N. Y. 
Costich, Company, G. A., Rochester, N. Y. 
19 
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Davis Nursery Co., Franklin, Baltimore, Md. 
Dreer, Henry A., Philadelphia. 
Fairview Nurseries, Rochester, N. Y. 
First National Nurseries, Rochester, N. Y. 
Fremont Nursery, The, Fremont, Ohio. 
Harman Co., M. H., Geneva, N. Y. 
Hawks Nursery Co., Rochester, N. Y. 
Henby, J. K. & Son, Greenfield, Indiana. 
Herrick Seed Co., Rochester, N. Y. 
Home Nursery Co., Bloomington, [Il. 
Hooker, Wyman & Co., Rochester, N. Y. 
Jewell Nursery Co., Lake City, Minn. 
Knox & Co., S. H., Buffalo, N. Y. 
Masters, G. A., Chicago, Il. 
McGlennon & Kirby, Rochester, N. Y. 
North Jersey Nurseries, Newark, N. J. 
Pennsylvania Nursery Co., Girard, Penna. 
Perry Nursery Co., Rochester, N. Y. 
Ringler Rose Co., Chicago, Ill. 
Simpson & Son, H. M., Vincennes, Ind. 
Standard Nursery Co., Rochester, N. Y. 
Stark Brothers’ Nurseries & Orchards Co., Louisiana, Mo. 
Swain-Nelson Sons’ Chicago, Ill. 
VanDusen Nurseries, The, Geneva, N. Y. 
Weber, Carl H.., Greenfield, Indiana. 
Western New York Nursery Co., Rochester, N. Y. 
Whitney, G. W. & Co., Dansville, N. Y. 
Willett & Wheelock, North Collins, N. Y. 
Respectfully submitted, 
L. R. TAFT, 
State Inspector of Orchards and Nurseries. 
East Lansing, Mich., June 30, 1911. 
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REPORT OF SECRETARY AND TREASURER. 


The following shows the receipts and disbursements of the Experi- 
~ ment Station for the year ending June 30, 1911. 


Dr. Cr. 
aly eal yl 91 0—Tovbalancere ac cokien tc sel noe acs cise eae ste nese saat eed ee $2,324 52 | 
July 13, 1910..... TECELVEC Tron W MSs prea SULyiay erinicist iene tern cee eee 7,500 00 
Oct. 14, 1910..... MECELV COSCON UA Srp OAS ULV ets erent Mee oe ee ee een Uae 7,500 00 
Jane Gi 1910 eer TECELVEMMTOMA Wai cem MREABUIT Vsciec cay tetesre,oercee eo sone eis eck tees here icine aie eres 7,500 00 | 
April 8, 1911..... TECELVEd TOM Ws See LReASULY ner tt one eicine nas Selo hicirae Ee ones 7,500 00 | 
June 30, 1911..... license fees, 224 brands com’! fertilizers............----.--c-eseeceeeeseee 4,540 00 
PATTNGTOCEID US itera lore ee ete ee ora anche eed Oe tae Seba reeasrae 246 23 | 
from State appropriation, South Haven Experiment Stationees- ene eee 2,000 00 | 
from State appropriation, U. P. Experiment Station.................--.... 3,000 00 
South Haven Experiment Station receipts............ stat ees Mee tyer eters ae 298 39 | 
WMP SExperimentistationmeceipishe se een ee eee ere oe ners ate 889 48 
by disbursements as per vouchers filed in the office of the State Auditor General;............ $45,847 36 
IBaLATICOLOVETCTAWTI eons See etree eee eee OLE etn cee ne ee | 2,548 74 
BLN ea eae teerterer ysteton core (tee cence ache seo a Take che icbutevencteteteelohcrecansie,suclsheveaeteteseie aevalec ane ceateroieta/eteerorerete te $45,847 36 | $45,847 36 


One hundred seventy thousand seven hundred regular bulletins, twenty thousand special bulletins, eight thousand anil 
pulledins, thirty thousand circulars and twenty-three thousand reprints have been issued by the Experiment Station during the 
scal year. 


DISBURSEMENTS ON ACCOUNT OF U. S. APPROPRIATION. 


Hatch fund. | Adams fund. Total. 

Salaries: 

Mirectorandiotheradmmistrativeroweersse- cere 75s see eee es sees ee $2,120 00 $500 00 $2,620 00 

SUSE SEEN], oe eee ets ern ae ee Pc ee eat UD ta 2,658 85 1,124 55 3,783 40 

FARSISLAN EST LOINCICIEEIIIC SCATTER Com creas ee enue cel Poe, eee eee 3,459 40 7,227 25 10,686 65 
Labor: 

‘Annualtandumonthlyemployecs:. vise ceice eee cities evra Paatas deoeo sateen See 1,310 87 324 52 1,635 39 

Weaklyadaily and hounlysasmecdeday-c. sets nine auc, ced sia coe ePrice cten 987 87 328 54 1,316 41 
PNET aA EOI py Suey See Ae Ns RN ok crouse oe Oe et eee ODN eae. tasosersice 90 
P ostage and stationery: 

IROR EAS Geyer ce aie ee eth ry ae eR Re CHT ee tone ah cence whe en STAT 182 26 4065 186 32 

ISLGH ATO ie 2a) ates oer RR AS. coun RE AO Ovens a 2 a en a 63 64 5 82 69 46 

Relecrapheand telephonedsc1s- see ctocysn eke note ohne Earn sae eae on oie 36) 25h beaut aeer 36 25 
Hrerchtrand six pressmeer eee cheers c ier Ue oe us ee ae Hine LB nee cl 147 31 241 76 389 07 
eat elie bite waLenandepOwerarxsc shiamiiee erie oer ieee ere ine ee Nee cheioeta WordOdl tate pincers: 73 76 
Chemicals and laboratory supplies: 

CHemiical sent cere ea a ee cr leper ne LA eS ENS Se oe eed eS 405 29 534 46 939 75 

QOGher stipes ney eee ee eae ree hehe ies Anny 4 ae retem tle tt Oe 233 64 870 54 1,104 18 
Seeds, plants and sundry supplies: 

PAE TIGL LUT Pee yee eer te re Pea ne ay Rae Te 123 36 11 11 134 47 

Tata ilies ly Sec aoa tise eee om CDs cic unho IC RAGD) Bae Cine eee oe aa SHO eal mic trrte ers ai ste 385 24 

IBOvan Teal epee econ aes te ee ee te Ee et Cate ee IWNE ghee SR? 8 17 98 141 33 159 31 

EMCO OLOP ital eae eye sa Py ee uN in te nies ter eer sceee yeu 26 81 29 23 56 04 

Bactenlolweicalen; peter ee rr ae aetna) he Men Pe Cota em en a tay. a 43 84 103 14 146 98 

Giemical eee eee aoe eae eee eee ee eG Ne BEA Sy 35 52 38 24 73 76 

DDITECEOR BIG MICO Ma tee cre rae er ene sie, RN ian te stapes Presa ems coeneeays oe SHAS leans eetencetes 3 43 

RO eens J Pine Ce PG e yee be tice oe ort SEC OO EAL IH clea PIED een tiie REO Re rel | eee 23 10 23 10 
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Hatch fund. 

Wert iliverscrce eres aerials atk ene eee oe oe cic veel Hr ee ev pny ACE Uae $59 49 

YS a ELIYA AT it: CIS Sere ee Nee eS Rees ee de eee a Rae RS SRE ME Rom Ce Wl foe See SS 

Library: 

Thirty-three Vol. Bericht der cae Chemischens heer cae s eee eer 227 84 
Oneicopy/Svllope sce techs n ee ae ee oe ne eosin lee eee Ene eee 48 72 
Binding 245; vols), ste cette Brera cyan soy eae ay 232 75 
@nelcopy biochemische /eitschiuite eee sees eee eee ee ence oes 21 00 
One Chemische\Centralblatteen cn oe eee OE Ce EEC eee 20 00 
One Zeitscliniftiiuer Hygiene; Volo 67=70)<2c <= enc cctie ese cee eee ccele «lols sles eres 22 00 
@nel Seta GeneratlnBectOrum es selon ee rs oer ere eS ee eee eee een 45 80 
Ones VOle EP DOHOUSE RELY eer ee eee re ee eee ane 
Mbheripurcliasesccyt tee cvr sense cate ree ea lee a eteie eee el ee meheteeein ces eros 371 85 

Tools, machinery and appliances: 

ING WsPDUIL CHASER meses cet eee reherey ene ale lets site Hiavepe choose oe amioice len comaeia sane . 538 70 
REDAITS Ste ee ees © Peach /minehe cena dw oe ae, vie Sere Secu ein nee eqeton aie Ses ee 18 50 
Furniture and fixtures: 
Omnefire prooiisate vaecks crore teh ecciacetealnve ai ever ayccaraeis tarsi sletmeeye ei herersieweieteteie one ore ts 50 00 
One ysecondthandatypewniter een etc amas coe eee ono eters ioe etectee 45 00 
Onendrawitlertablese ii: eerie repre ieee ines aD ae eee eine rea ert 24 37 
OnelReming ton typewriters oc ciic secret celt ce ces cetom co cvdtaa tens aceareemere & 76 00 
(Oya Yaiie lets) fos ciara: SP arn et Ae BN a, Oe an ae ety Saaee ao 6 ARES riots tent 25 00 
A OAL Tin We RE CBEE AO oe HAE COE Eo Dee oi AHS Eo ee rE tepals 16 00 
QneyNowzihaCsSmithctypewriteraeae oss eere coset. = econ nie cetera eane 81 00 
QOne‘hood for Lab; with pipe’and fittings complete. ...2.:-.--......2.--s50++-s:|co-eesceeees 
Onetstandifor bhermostatcc eek itor ok eee lead eee eee ee CAL ontrack eon 
Ofhterpurchaseswee ae. ne scssacvers atte aoe winiayre onic ears eee cys ittoews Snetstereniars aye wiere 2 50 
Scientific apparatus and specimens: 
OneeRorsions balsrcesrs crc see arse mises esate eee arate al eae rc at ata eee Teva ts 35 00 
(Oey cits Meee tty ho Oe ee Heer eee ts ne era tert er ee Peet 21 00 
OnevAdy: heostat :1<ciea)- cole cis/raeiciecipveliviocet sate oer toavererere tic eeeieisjeeie. toersrere 10 00 
OnevN os Tilin olarizer ses rovcrere keke ote core) hs ate povar sve tcheyniers fe steRere as ss eles ater sepals coral | Reever seat Veie ee 
One db brmicroscope: ceeisns Se seep aden ae + Bees Saal eS eee eee see 67 00 
OSM Rave ey Cetera Create ten nee eran moe inte mer euer ere conn wt bar Pg Orie ne sete 
One Sartorius Dalan Cosette tee seats reek wate anc aici Ste aaa eeceed pe ee S| Ee ne Peter as 
Oi Eee MN EOHIZENN Cos coos o0ba Jedapocoqaensesns0cneeosnpoonsecced|locoacsoaaca. 
(Ome cropome scien ai ae ee SE ore ait Sar Sects eras ey lane eae yee 
Onevsxvipress Grates smicro ners sass setsmes ace oes ae erat alate ee rctoioe Ser tel eames 
Wwollbabavain CUDAUOLS=shmnieemaicmiae tires erirecie SRS ELE eee ra lone here 
@nie! steam presstne sterilizers 5. 6)-r<.e.c1=. fie cic cies orausvetews steps aesezret i a= sears ssjareamereielctshell ns oe teenie 
OnesKohlrauschibridge case se sk sere elec rae see eet one seater eee meso ee 
Onetnicroscape stand he erences strerehen ie Rem ene te Be lara Soe ie eet reer eter eae 
Othermurchases sss satce sence ticmee neces ae le pclae ation seisinnds etal peeckle 53 53 

Live stock: 

(CE AH [again ei te Sa eee ot oy ER Se ee ee ee EY Eee Pe |g ee ee 
SEIN ere rhe RS et ieee rotictc op Seeger eseie eerie even agel mrere meyers feel ees any em 
Smalltexpecimentalvanimalss.cii- cetyl ete ae eee receiv epics ts esyninterer ears 22 50 

Travel expenses: 

IMSSUPEL VISION OL SbALION wOtlsete scree eerie e eteiersieiescios=) atelier see repte ne eee 180. 47 
In connection with investigations under Adams act..............-.5.0-- eee eee)eeeeee eee eee 
For other purposes connected with station work..............-...220-.200000- 313 29 

Contingent; expensestissi1 ae ast eines ace en iegin 8 ROR cetera eRe Ieee 25 00 

Buildingsiand: lands: scancclremeo st erases oe Oe erereraueie eee en Ae ee eee eT 29 47 


Adams fund. 


104 67 
1,676 80: 


50 00 
367 45 


240 98 


$15,000 00 


104 67 
1,730 33 


50 00 
367 45 
22 50 


25 00 
270 45 


$30,000 00 
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DISBURSEMENTS OF EXPERIMENT STATION MONEYS—OTHER THAN RECEIVED FROM U. S. TREASURER. 


SEI ETH Enero ogo. cis basen GORA ie MESSE ot pera Oritan Hote MaDe TGn acne oe ce ere $3,628 60 
lo eyere i 8 See rie core RIDES OEE DIATE tei oC ORO Stet Deere eee ae ene AS 8,441 84 
EIS IEtn Goo Seat PSeOHSS GETIe oe SOROBET In ae tatoo Be nO One aOe 6 HE Eno Bone Ab GOona nearer 265 27 
POStAge ANB LAL ION Cryer ota sei eee ON ee ee Oe ot ols eh 175 31 | 
Freight and express........ FS Re Seon. 1 OMe oO Ce Dace GOD enE OE Ce een ee 244 46 
HeatlightawaterandipOwemse stents oe eee Ge een te ease eee ochribae hs sabe cbrddat 1 50 
GhemcalsiandilaboratorysUpplics*merc heer) Soe ke se Bete pra encore cack: on 524 16 
DHecdsaplants and csunaryisiipp les peterton eres ote ee eee eo eee Sass tee cn ewe 1,009 53 
ECU IZETS sey moe fee oe Meet PS Seimei oh Veronese Wes 6 ceepee che erersimbe re feos et nate eau ehe havea. yes oy ales 24 40 
eECInP UUs Hee et eee eee eee. ee ke pe eee tial Pe REE MR Cy Sey Ge ee 13 50 
Hye tas BE 5c sO tad I ie RO oe Fi ire RS Bene ieee CS roe er ee pee eee 135 78 
ToonnA ChINnerviANGAapplAlCeS tra toac i syse aoe slates sate ao ae ed a aoe 98 47 
rem fitre ard SIRES ee cents eee EOE recon oleh cre oon te area eaters eisetecie 30 35 
Sclentificiapparatis andispeclmensis: pep eeee actA Seek eee | Tey ara en ede yee 97 63 
Ura Ve LING LEXWETISCS ri eyie capone cas ra ee ee ee eto ay tea 379 79 
Contingentiexmensese se tees. eee eet te et) EOE PE aa doce Pat ae nee ote Ben 2 00 
Burldingstandilandceee secs rare sac. nicl Se nee tooo cleohe a Fo eee eae 774 77 


SSaene aden $15,847 36 


REPORT OF THE DIRECTOR OF THE EXPERIMENT STATION. 


To President J. L. Snyder: 

During the year the following publications have been issued by the 
Experiment Station, viz.: 

Bulletin No. 262—Suggestions on Planting Orchards, by O. K. White. 

Bulletin No. 263—Fertilizer Analyses, by A. J. Patten, O. B. Winter 
and C. G. Clippert. 

Bulletin No. 264—Second Report of Grade Dairy Herd, by A. C. Ander- 
son. 

Special Bulletin No. 54—Revision of Special 51, entitled Spray and 
Practice Outline for Fruit Growers. 

Special Bulletin No. 55—Miscellaneous Analyses, by Andrew J. Patten. 

Technical Bulletin No. 6—Lime-Sulphur Sprays. (1) Methods of 
Analyses (2) Manufacture and Storage by Jas. S. Harris. 

Technical Bulletin No. 7—Organic Nitrogenous Compounds in Peat 
Soils II, by C. 8S. Robinson. 

Technical Bulletin No. 8—Studies of Agglutination Reactions in 
Hog Cholera During the Processes of Serum Production, by Dr. Ward 
Giltner. 


Technical Bulletin No. 9—How Contact Insecticides Kill, by Dr. G. D. 
Shafer. 

Technical Bulletin No. 10—Influence of the Products of Lactic Organ- 
isms upon Bacillus Typhosus, by Zae Northrup. 

Technical Bulletin No. 11.—The Fermenting Capacity of the Average 
Single Cell of Bacterium Lactis Acidi, by Dr. Otto Rahn. 

Circular No. 10—Manufacture and Storage of Lime-Sulphur Sprays, 
by A. J. Patten. 

Circular No. 11—Lime for Agricultural Purposes, by A. J. Patten. 

Circular No. 12—Tuberculosis in Fowls, by Dr. Ward Giltner. 
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Press Bulletin No. 24—-The Germinating Qualities of Michigan Seed 
Corn, by V. M. Shoesmith. 

During the year nothing has been published from the results of ex- 
perimental work pursued in animal husbandry. The results of the three 
years’ work referred to in my last report, relative to the use of succulent 
feed in its relation to wool and mutton production, have not been pub- - 
lished owing to the desire to still further repeat the trials, hoping that 
more data may render the results still more conclusive. An epidemic of 
disease among the swine has completely thwarted all efforts toward ex- 
perimentation in this line. 

Both the animal and dairy husbandry departments are engaged in 
carrying forward the up-grading breeding experiments established sey- 
eral years ago. Of course some time must yet elapse before the records 
of the third generation, as producers, can be established. The dairy 
husbandry department is conducting investigations relative to the eco- 
nomic production of veal in the dairy herd. 

The department of farm and horses continued its work relating to 
the economic wintering of the farm work horse during the past winter. 

The poultry department has continued its tests with three types of 
farmer’s poultry houses and it now seems that further work will be 
necessary in order to procure positive results. 

The time of those in charge of the farm mechanics department has 
been so completely occupied by instruction work as to render it almost 
impossible for them to make much progress as regards the lines of in- 
vestigation work in hand. 

A valuable addition in the form of land has been made to the Upper 
Peninsula Station at Chatham. Six hundred acres of land, with the 
timber removed has been generously donated by the Cleveland Cliffs 
Iron Co. for purposes of experimentation and demonstration. This 
comprises the section on which the town of Chatham is located with 
the exception of forty acres which forms a part of the town site. 

As this property adjoins the present farm of 160 acres diagonally and 
as it consists of the choicest land in Upper Michigan, the possibilities 
of developing a model farm are apparent under proper management. 
It is not intended to develop an experimental farm but rather to estab- 
lish a model or demonstration farm operated on a commercial basis. 

Respectfully submitted, 
R. S. SHAW, 
Director. 
Kast Lansing, Mich., June 30, 1911. 
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REPORT OF THE BACTERIOLOGIST. 


Director R. 8S. Shaw: 

Dear Sir:—Let me present the work of this division of the experiment 
station for the past vear under the following headings: 

(1) General Bacteriology. (2) Soil Bacteriology. (3) Dairy Bacteri- 
ology. (4) Pathogenic Bacteriology. (5) Commercial Bacteriology. 


GENERAL BACTERIOLOGY. 


Under this heading, I desire to submit the paper prepared by Dr. 
Otto Rahn entitled, “The Fermenting Capacity of the Average Single 
Cell of Bacterium Lactis Acidi,” which is printed elsewhere in this 
report as Technical Bulletin No. 11. This paper is the result of study 
and experimental work over a period of several years. While the sub- 
ject does not deal with any immediate and direct application to agri- 
culture, it is, however, of fundamental interest and use to workers in 
the field of microbiology, and will doubtless prove essential to the 
proper development of applied problems. 


SOIL BACTERIOLOGY. 


This work is under the immediate charge of Dr. Otto Rahn, who has 
associated with him W. A. Wentworth. The work is in progress, but 
at this time no results are submitted. Dr. Rahn, however, makes this 
statement regarding his work: 

“The main problem in soil bacteriology is the réle of microérganisms 
in the building up of farm land from the two extreme soil types of 
Michigan; the barren sand of the jack pine plains and peat. The sand 
is practically free from organic matter, the peat contains hardly any- 
thing but organic matter. Both these soil types are very common in 
Michigan. 

It seems reasonable to suppose that more can be learned by follow- 
ing closely the building-up process of a soil than by starting with a 
good farming soil. This main problem involves the formation of humus 
and the decomposition and availability of peat compounds as well as 
the peculiarities of peat as a soil. The experiments were begun in the 
spring of 1910. 

The soils and soil mixtures under study are in large sunken cylinders 
with open bottom, 4 feet deep and 2 feet in diameter. The cylinders 
were cropped and treated in various ways. The old idea that peat acts 
as an antiseptic was easily disproved by a few experiments on bacterial 
activity in peat. Peptone was decomposed to ammonia, and ammonium 
salts were oxidized to nitrates without retardation, if sufficient moisture 
were provided. The so-called “disinfectant qualities” of peat consist 
probably in nothing more than its great water capacity, and its ready 
absorption of disagreeably-smelling compounds, such as ammonia, skatol 
and other products of putrefaction. This is apt to make the layman 
believe that such decomposition does not take place. 
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Other problems have been taken up, concerning largely the technic and 
the reliability of methods in common practice. An extensive statement 
of the attitude of this laboratory towards soil bacteriology is given in 
the 15th Report of the Michigan Academy of Science, 1911. zy 


DAIRY BACTERIOLOGY. 


Mr. Charles W. Brown, Miss Zae Northrup, and Miss Lulu M. Smith 
have been occupied with dairy problems during the past year. <A brief 
review of the dairy work conducted by Mr. “Charles W. Brown and 
Miss Lulu M. Smith is added: 

“Butter Investigations.—An experiment with the keeping qualities 
of storage butter that was begun an two years ago has been carried 
along during the past year by Mr. C. W. Brown ‘and Miss Lulu M. 
Smith. It comprises a great amount oe work dealing with pasteuriza- 
tion and ripening compared with non-pasteurization and non-ripening as 
factors in lessening the deterioration of storage butter. As this work 
is now almost complete and as it is to be put out in bulletin form within 
a short time, a mere mention of it here is deemed sufficient. 

Work with Yeasts and Torulae Found in Milk and Butter—It was 
noticed that some of the yeasts and torulae isolated during our work 
with milk and butter have the power of changing the acidity of milk. 
And as the acidity of butter is associated with and related directly 
or indirectly to rancidity, physiological investigations along the line of 
acid production and acid consumption in the metabolism of these yeasts 
and torulae was thought necessary for a better understanding of some 
of the changes that occur in storage butter. These investigations con- 
ducted by Miss Smith are under way. 

Work with Bacterium Lactis Acidi.—A certain amount of work has 
been done with various strains of Bact. lactis acidi with the idea in 
view of obtaining information valuable to creamerymen, cheesemakers 
and others who have to do with the carrying along of starters, the 
ripening of milk and cream and the preparation of milk and whey cul- 
tures for dietetic or medical purposes. 

Troubles with Off-Flavors in Milk and Cream.—aAt different places in 
the state there has been trouble with off-flavors developing in milk and 
cream. It seems that these off-flavors make themselves evident during 
the winter and are not noticed during the summer weather. Some at- 
tention has been given to these troubles; and in one case there was 
found in the cream, also in the well water and dust of the barn, a bacillus 
that, if cultivated in cream at 15° C. or below produces the character- 
istic off-flavor causing trouble. Precaution was taken to prevent the 
troublesome organism from entering the cream with the result that 
the trouble abated, but was not overcome completely.”—|[C. W. Brown. | 

Miss Zae Northrup submits the results of her work upon “The In- 
fluence of the Products of Lactic Organisms upon Bacillus Typhosus,” 
printed elsewhere in this report as Technical Bulletin No. 10. Miss 
Northrup is also carrying on some experiments in connection with Dr. 

A. Waterman. The purpose of this work is to secure a better under- 
standing of the production of pure milk. Miss Northrup adds the fol- 
lowing concerning this work: 

“Dr, G. A. Waterman, former head of our Veterinary Department 


EXPERIMENT STATION REPORTS. 155 


and now manager of a large dairy farm near Ann Arbor, this past year 
has given our laboratory the privilege of working out certain bacteri- 
ological problems concerning pure milk in connection with milk pro- 
duced under varied conditions on his farm. Much valuable data have 
been obtained and will be compiled later.” 


PATHOGENIC BACTERIOLOGY. 


The agglutination work of Dr. Giltner’s which has been conducted here 
for two or three years past in connection with the Dorset-Niles serum 
production has been completed, and the results appear elsewhere in 
this report, as Technical Bulletin No. 8. 

Contagious Abortion.—This disease is now receiving special attention 
from Dr Giltner. The following general remarks from him may be of 
interest at this time: 

“The work with infectious abortion of cattle progressed very slowly 
until recently. We have succeeded in isolating in pure culture from 
the exudate and cotyledons of an aborting cow the bacterium described 
by Bang, McFadyean, MacNeal and others as occurring in epizootic 
abortion. The cultural as well as morphological characters of this or 
ganism have been well described in the literature and need no repetition 
here. In the case from which we secured our pure culture we were also 
fortunate in securing material in the shape of a fetal cotyledon and a 
fetal and maternal cotyledon attached, sections of which stained in 
hematoxylin and eosin show characteristic clumps of the Bact. abortus. 
Immunization experiments have been started with guinea pigs and 
heifers, but a report of this work should be delayed. 

The treatment of abortion in practice is receiving attention and cer- 
tainly demands it if we may judge from the reports of the disease 
that come to us. The post-abortion treatment of cows, in order to 
eliminate the organisms from the genital organs and passages and pre- 
vent their spread, is a serious and difficult matter. Disinfection of the 
uterine or even vaginal mucosa is impossible by the use of any disin- 
fectants in solutions weak enough to insure against injury to these 
tissues. In your report of the preceding year is given an account of 
the use of lactic cultures in this connection. In this year’s work we 
have used the ordinary lactic organisms and Bact. bulgaricum in whey 
cultures. At your suggestion, we have also used the whey recovered from 
milk curdled by these organisms. As to the relative merits of these 
methods, we may say that whey is superior to lactose broth as a medium 
for these organisms and that a much higher (two or three times) degree 
of acid is secured by employing the whey from milk curdled by these 
organisms, but this higher degree of acidity is objectionable in view 
of the fact that it terminates the existence of the lactic organisms. 

The aim of these operations is to establish a lactic flora on the genital 
mucosa with the result that the abortion bacteria and other objectionable 
bacteria will be overcome and not permitted to reappear. It is true that 
this is merely a hypothesis, but a very reasonable one, and is fortified 
by favorable clinical experience. We have approached the subject from 
the experimental standpoint in the following manner: A study of the 
normal and abnormal (under conditions of abortion and sequelae) flora 
of the genital passages has been instituted. This is to be followed 
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by a study of the flora after treatment with lactic cultures. Mr. Knopf 
has ably assisted in this work, and it bids fair to be of considerable 
moment, but has not progressed far enough to warrant a more extended 
report. 

The study of infectious abortion is complicated by the (supposed or 
real) presence of another venereal disease, viz., granular vaginitis. This 
disease has been studied in Kurope especially by Ostertag, who claims the 
etiologic factor a streptococcus, embedded in the granules, and by Wil- 
liams of Cornell, and Wills, State Veterinarian of New York. A care- 
ful description of this affection is included in Williams’ Obstetrics, 
and need not be repeated here. We have found in a herd of Jerseys at 
Dryden and several herds of Holsteins at Howell and Chilson as well 
as in both college herds, a condition that answers the description of 
this disease. In one of the herds at Howell, the lactic treatment was 
adopted by the owner under our direction. It is too early to report 
on the results. Infinite patience must characterize the investigation 
of these troubles. We hope by our studies to at least be ever ready 
to adopt any measures suggested as valuable by others more competent 
or perhaps more favorably situated than ourselves in the conduct of 
this very expensive work. A further discussion occurs under the ab- 
stract on “Granular Vaginitis in Cattle.’—[ Ward Giltner. ] 

Miscellaneous Diseases.—In addition to the experimental work con- 
ducted, Dr. Giltner has been interested in several diseases which have 
broken out in this state, and which he has studied more or less. A re 
view of this work follows: 

“Infectious Anemia in Horses at Watersmeet, Michigan.—At the re- 
quest of Mr. Hinds, President of the State Live Stock Sanitary Com- 
mission, I visited Camp No. 15 of the Bonifas Lumber Co., six miles 
west of Watersmeet in the northern peninsula. I arrived at the Camp 
September Ist, 1910. 

There were about ten teams and a driving mare housed in two log 
barns. They were in-charge of Mr. Richard Shier apparently a very 
intelligent and capable superintendent. He had been in charge only 
since spring, and had worked the teams probably rather severely, but 
they were in good working condition. The stables were being refitted 
with hewn log floors. 

The horses had been watered from the nearby river which had re- 
ceived the sewage from the camp. Water had recently been supplied 
from a’well. On the whole, the surroundings were unobjectionable. 
The timbered land that was the field of operation was almost exclusively 
high land. There must have been some marsh land for swail grass was 
being cut for the horses. 

The disease had begun in June and had resulted in eleven deaths. 
Not half of the teams in the camp were able to do a good day’s work. 
When they returned from work at night, only one team appeared in 
full vigor. The others looked tired, the facial expression was dull 
and the ears drooping. 

Two veterinarians had treated the horses for influenza, and the 
horses were not benefited. A third veterinarian; Dr. Edward Fitz- 
simmons of Ironwood, Michigan, pronounced the disease swamp fever. 
The nature of his treatment was not revealed to the writer. 


EXPERIMENT STATION REPORTS. 157 


The ‘symptoms were moderate, irregular fever, great weakness, un- 
certain gait, polyuria, pale or vellowish mucosae, and more or less 
oedema of the dependent parts. Throughout the disease, the horses 
stood and ate listlessly of both hay and grain. At the last, they be- 
came too weak to stand. 

The animals usually died within a week or two after they were con- 
sidered sick, but I suspect the course of the disease was hastened by 
the treatment for it is known that horses suffering from infectious 
anemia stand antipyretic and cathartic treatment badly. 

We were informed that this disease or one similar to it had been 
seen in at least three other places in the Northern Peninsula, and resi- 
dents of Wisconsin, south of Gogebic county claimed that they had 
seen it in their state. 

We are not familiar enough with the disease to make a_ positive 
diagnosis. In short, we know of nothing specific upon which a diag- 
nosis may be based, but the history of the affection and the symptoms 
strongly suggest Infectious Anemia. 

(See report of Bacteriologist for year ending June 30, 1909, for ac- 
count of this disease in the Northern Peninsula.)”—[Ward Giltner. ] 

A Disease of Cattle near Ubly, Huron Co., Mich.—‘The State Live 
Stock Sanitary Commission requested the laboratory to send someone 
to meet the President of the Commission at Ubly to determine the 
cause and nature of a disease of cattle reported by the local health 
officer, Dr. MacGregor, to be very prevalent in this section. 

August 2, 1910, I met Mr. Hinds, and together with Dr. MacGregor 
we visited a number of farms where cattle were reported affected with 
this disease. 

The lay of the land is pretty much the same in this region—a fairly 
level, fertile area with numerous wild and low places. It has been 
under cultivation not much longer than ten years. The cattle examined 
by us showed the influence of Short-horn stock and were above the 
average in general condition. 

Mr. Frank Penuski’s herd showed the most extensive lesions about 
the head. On the external lateral surfaces of the mandibles, on the 
cheek, in the intermaxillary space and even on the side of the neck 
were severe lesions produced by an irritant applied by a neighboring 
farmer who is also a registered veterinarian. The skin was badly 
blistered, but aside from this there were subcutaneous swellings, hard 
and knotted, not attached to the bone and also fluctuating swellings 
filled with pus. We opened one of these abscesses and evacuated a 
quantity of odorless, thick, light yellow, viscid pus. 

We saw the cattle of other farmers showing similar cutaneous 
lesions, presumably caused by blistering. In addition to this, Mr. 
Bukowski had one cow that was rather thin in flesh, had an abscess 
posterior to the left carpus and an affection of one-half of the udder 
resembling a neoplasm of some description. This cow was killed. 
A foul-smelling, yellowish pus was evacuated from the abscess, and 
portion of the udder retained for microscopical examination. The 
intermaxillary region had been blistered three or four weeks before, 
but showed nothing more than a thickening of the skin. The cow 
was otherwise normal. 
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We visited the home of Mr. Sparling, the author of the wide-spread 
blistering. His own cattle had not escaped the application of this 
irritant, the nature of which could not be revealed. Some of these 
cattle showed small, cutaneous swellings, just above the dew-claws. 

Mr. Sparling assured us that this was the most dire plague that 
ever visited man or beast, attacking as it did all cattle, regardless 
of age, and involving any portion of the skin or internal organs. Cat- 
tle that died showed violent purging. (Dr. MacGregor was aware 
of the fact that Mr. Sparling bought inordinate quantities of croton 
oil.) He had seen the udder frequently affected and classified the 
case examined by us as an example of this plague which he termed 
muscular tuberculosis, being different from |tuberculosis as we are 
familiar with it. He recognized three distinct diseases of cattle as 
very prevalent in the neighborhood, viz., tuberculosis, actinomycosis 
and muscular tuberculosis. 

Muscular tuberculosis manifested itself as a swelling in the inter- 
maxillary space the size of a hickorynut usually, but attaining the 
size of a hen’s egg. This swelling was in the region of the submaxillary 
lymph glands. Mr. Sparling treated cattle at such times as he could 
spare from his farm work, usually after supper. His rate was three 
dollars up to twelve head, and twenty-five cents for each additional 
animal. Judging from the herds seen by us, close to 100 per cent 
of the cattle in herds treated were affected. It was difficult for us 
to make any valuable and reliable observations, on account of the 
treatment to which the animals examined by us had been subjected. 
Other duties prevented our making an investigation of diseased cattle 
that had not been treated. Dr. MacGregor was satisfied that there 
was some disease in the cattle of the region that required the careful 
work of a diagnostician to determine. 

Examination of material at laboratory: 

Pus from cheek of Penuski’s cow: Odorless, light color, viscid. 

Microscopical: No bacteria, very few cells (polynuclear leucocy- 
tes), much fibrin. 

Inoculation into bouillon and agar gave no growth. 

Guinea pig inoculated 8-3-10 subcutaneously. 

Pus from abscess on carpus of Mr. Bulsowski’s cow: Bad odor, 
not viscid, yellowish. 

Microscopical: Many bacteria, micrococci mostly in pairs and 
tetrads about .5 mikron in diameter; many pus cells. 

Gross appearance of the diseased udder suggested a sarcoma. 

Microscopic examination proved the tumer to be a soft fibroma (fibro- 
sarcoma).”’—[Ward Giltner. ] 

“Malignant Catarrh of Cattle—We were requested to investigate a 
supposed outbreak of malignant catarrh of cattle on the farm of 
Mr. W. N. Park, Sunfield, Mich., on May 15, 1911. On April 18th a 
grade Short-horn cow had lost her calf presumably as a result of in- 
jury inflicted by another cow. This cow retained her afterbirth and 
developed a serious discharge from eyes and nose with a fatal termina- 
tion in about 24 hours. 

The second case, which I attended, was a red poll grade cow. The 
owner associated a purulent discharge from eyes and nose with the 
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former cow and was suspicious of a contagious causation. Hence 
we were called to investigate. 

The farm was well drained with no bottom or swamp land. The 
cows had been on pasture only a short time, and had been out only 
a few nights. The weather was very mild. They had access to a 
thinly-wooded tract that had been pastured for many years. The 
cow stable was in a low dark basement with a wet dirt floor saturated 
with urine. Bedding was plentiful, and the place was not exceptionally 
dirty. There had never been any similar cases on the farm before, 
and no record of any in the neighborhood. There were three other 
apparently healthy cows on the place. 

The local veterinary was treating the case with febrifuges (probably 
aconite) and eye washes. The cow was suffering from several degrees 
of fever, had had chills and even shivered at the time in spite of warm 
blankets and a warm atmosphere. There was considerable fibrino- 
purulent discharge from eyes and nose of very yellowish color. She was 
still kept in the barn basement with little or no ventilation. 

The owner did not expect her to live the day out, so was willing 
to have her killed. He was afraid of the discharge. The trouble had 
existed only three days at the beginning of which a veal calf had been 
taken from the cow in the morning, and at night she gave no milk 
and showed symptoms of sickness. What the course of the disease 
might have been can only be judged by other cases. Probably she would 
have lived only a few days. 

She was killed by ordinary butcher’s method after a considerable 
walk across the fields accomplished with difficulty. Autopsy showed 
the udder containing some secretion, teats very sore and skin badly 
fissured, internal organs uniformly normal. The eyes showed catarrhal 
conjunctivitis. The sinuses of the head were apparently healthy, and 
contained no discharge. The nasal mucosa was slightly congested, 
there was a slight amount of purulent exudate on the laryngeal and 
pharyngeal mucosa. The brain showed the results of the method of 
killing. The carcass was burned. 

The post-mortem did not account for the severity of the disease. 
Since we do not understand the disease at all well, especially its 
etiology, we can offer no explanation. Had no other cases developed, 
this might have well been termed a simple catarrh of the upper re- 
spiratory passages amenable to treatment. Subsequent developments 
indicate differently. M. pyogenes aureus was isolated from both eye 
and laryngeal exudates. An unidentified bacillus was also present. 

On the night of our visit, a two-year-old black heifer showed sore 
teats, with integument cracked and easily peeled off, leaving the sensi- 
tive structure exposed. She could not be milked after the next morn- 
ing when she showed a slight discharge from eyes and nose. She had 
chills and probably fever. No temperatures were taken. The owner 
treated her with inhalations of Kreso vapors and nasal irrigations of 
diluted Kreso. This seemed to lessen the discharge and keep the re- 
Spiratory passages temporarily open. She rapidly grew worse, could 
not eat, breathed with difficulty having the mouth open and tongue 
hanging out. The discharge became thick and yellow. She became 
blind from opacity of the cornea. Death occurred six days after the 
onset of the disease. 
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Autopsy: about 8 hours. 

Post-mortem. Emaciation slight, no bloating, skin of teats peeled off 
easily; conjunctival discharge slight, nasal discharge considerable; 
nasal mucosa congested and covered with croupous exudate; sinuses 
open but membrane congested; horns easily detached; horn core greatly 
reddened; oral, pharyngeal and laryngeal mucosa diphtheritic; trachea, 
bronchi and bronchiols lined with thick, yellow croupous membrane 
easily separated as a cast of the tubes. Lungs showed interlobular 
emphysema; there were numerous sub-epicardial petechiae and ecchy- 
mous; cholecyst distended with dark, greenish bile and bile ducts full 
on section of liver; kidneys congested; spleen normal; rumen about 
half distended with normal ingesta and only post-mortem changes; 
reticulum and abomasum same; abomasum greatly congested and slight 
catarrh of mucosa and slight capillary hemorrhage; small and large 
intestine same; (blood-stained feces had been passed). 

From the croupous tracheal exudate both M. pyogenes aureus and 
albus were isolated. 

On May 30, 1911, in response to a call from Dr. Waldron of Tecumseh, 
I visited the farm of Mr. Wm. Hogan of Clinton to investigate an 
outbreak of a disease in steers. Dr. Waldron had pronounced the disease 
malignant catarrh. The herd affected consisted of sixty western 
steers bought in the fall of 1910. One steer died shortly after purchase, 
but no observations were made on the circumstances attending death. 
At the time of my visit, five steers had died and one was sick. The 
remainder had been shipped for slaughter, and were in excellent con- 
dition. 

Dr. Waldron said that he had a few cases of this nature in his prac- 
tice each year, and usually only a few animals in each herd were 
affected. It did not appear to be contagious, and there was nothing 
in the history of the cases that suggested a cause, either immediate or 
predisposing. The cases occurred at any time of the year. The symp- 
toms were sudden onset, lack of appetite, fever, dyspnoea, swollen 
conjunctiva, with at first excessive lachrymation, then purulent dis- 
charge, opacity of cornea with blindness, nasal discharge of thick, 
yellowish nature, and death invariably after about one week. No 
treatment of any value. Catarrh of the abomasum and small intestine, 
with other stomachs normal found on post-mortem. 

The only case left on the farm at the time of my visit was a red poll 
steer in good flesh. He showed slight purulent discharge from eye, 
corea partly opaque, thick yellow nasal discharge slight, breathing 
slow, regular and slightly labored, diarrhea. An attempt to catch the 
animal resulted in increased respirations and snorting. A piece of 
diphtheritic membrane was thus blown from one nostril and secured, 
before it touched the ground, in a sterile dish. Animal recovered. 

A culture of both M. pyogenes aureus and albus was secured from the 
membrane. 

A calf inoculated with bouillon suspension of membrane subcutane- 
ously and treated with portion of the membrane smeared on the nasal 
mucosa developed only a slight abscess at point of inoculation. A 
rabbit was killed in 24 hours by intraperitoneal injection of bouillon 
suspension of membrane and a guinea pig in 48 hours by subcutaneous 
injection. The only point of note in the bacteriological study is the 
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presence of M. pyogenes in all cases. We take these organisms to be 
secondary invaders. The literature is very meager on the subject.”— 
[Ward Giltner. ] 

Granular Vaginitis of Cattle—“Granular vaginitis is a venereal disease 
of cattle manifesting itself by congestion and papule formation in the 
vulvar and vaginal mucosa. A muco-purulent or blood-tinged discharge 
may accompany the disease especially after service. What is at present 
known of this disease in Europe and America is well covered in Veteri- 
nary Obstetrics by Williams who is at present investigating the trouble. 

It is necessary to differentiate this affection from Bang’s epizoétic 
abortion since it is credited with as many as 50 per cent of abortions 
in an affected herd. It is also guilty of producing at least temporary 
sterility or failure to breed and since it is frequently accompanied 
by cystic and other ovarian troubles, it is believed to induce perma- 
nent sterility. It is in connection with abortion and sterility that our 
attention has been called to this disease in a number of widely sepa- 
rated sections of the state. 

After considerable correspondence with Mr. Gilbert Harris, we 
visited his place at Dryden, October 20, 1910. His herd consisted of 
18 Jersey cows, 7 heifers and 6 heifer calves in addition to several 
bulls. Several abortions had occurred, but they were all associated 
with probably accidental causation. Failure to breed and a chronic 
vaginal discharge was the cause of complaint. The following table 
gives a good understanding of the condition of the herd as regards 
age, number of calvings, condition of vagina (or vulva), and pregnancy. 


Age; No. of ,.: 9+ | Pregnant; E 
Number. near eae Vaginitis. | “ionths. Remarks. 
Lee a a  e 7 5 — #3 
Diss ee aswilesie sie 7 5 — r3 z 
BT en ano oe 3 1 + — Whitish discharge; does not breed. : 
| aS bcs nee 4 2 + = Slight discharge; does not breed; retained afterbirth 16 
months ago. 
Rte atenafororetotensre eel 6 4 + 6 
Tha tan ke See hae 6 4 + — Does not breed. 
Uden brsadoa sense 10 7 Je 5 d 
Sa sonmwAsneagen95 8 5 + = | Aborted accidental i does not breed. 
I Meereins agua = 6 4 + — | Aborted accidental (?); does not breed. 
LU SRR BC hasty ah we 2 0 Slight + 
lit a eeepc 16 12 Very slight. =f 
IPAS Seer nein ee eee 7 5 —_ | + 
1 enc enocn net 55 0 ++ = Aborted first calf; does not breed. 
ae rersy cine eoels oie. 2 0 + = Aborted at nearly full term; not breed well. 
1 UB ate te NE eats 2 0 + + 
Gnesi sayoareays os 2 0 ++ = Aborted 4 months calf; not bred since. 
I aa ie oe eae 2 0 + = Not bred. 
1 Le Pee pene oie eee 17 14 ? + 
1 ho Leer 5 ects ee 1 0 + oa 
LO eS SRT TAS 1 0 + + 
2) | RE gee ee 1 0 Very slight.! _ 
SIE EA Ge Sake. mes | 0 ++ _ 
1) a Nee ae a 1 | 0 Slight = 
Ci eae eect ae 1 0 + + 
0/7) wa a ee 1 0 ? = 
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The six calves examined showed as follows: 


Age; 


Number. paeuiies Vaginitis. 
1 ee eh allie] Eerie tate aay a A es ch Nee Dee RL WORN Oe A Sie) ack eae Sn ie 8 8 a 
Di Meee iee eee a. aie ee eee, A En Sine Sow eekey  ae FEES sno 1 ON te en Sg cep ree eae 5 ao 
es ca ls ae Se RS Ola Rs ie oe, at Abra ates 95 Se ee ay eS: os oe 2-3 —_ 
Ai RS ee ERE Ree AB ck CORSA OARS S14 bed RRR PA See tips ce PON a Met ep Ok cy eA hat eR 2-3 — 
Bye ore ae ont oy as eRe aD ia eevon As Saban ad Teer hc Pchereney seh OSH ese GE TS wee ABS: He kever stata heya ace OTR ACE Oe 5 +++ congested. 
Gee ene A A Rte ate see teeta By ee para abc tecel suatayerere me ehetere stele ia aie eines cee oe erahes aoe 4 =; 


A summary of the condition of the herd shows that of the 31 ani- 
mais examined, 2 calves 2 to 5 months old, and 3 cows 7 years old 
with perfect records were free from vaginitis; two were doubtful, and 
four were slightly affected; all the others ranging in age from four 
months to 16 years were affected. The calves, yearlings and two-yvear- 
olds were not affected. 

The greatest trouble appeared to be in getting the animals to breed 
and in overcoming vaginal discharge. The treatment had been varied, 
consisting in very weak carbolic acid solutions, sodium. chloride, potas- 
sium permanganate solutions and solutions of white oak bark. All 
of these injections sooner or later seemed to produce irritation and 
did not overcome the discharge. Williams discusses the great difficulty 
in overcoming the trouble, and we have tried to profit by his experi- 
ments. We recommend that the tail, buttocks and external genitals 
be washed daily in 1-1000 solution of mercuric chloride, which was to 
be used also freely in the stable. The vagina was to be flushed with 
several quarts of 0.75% compound cresol solution (or lysol) and the 
vulva with 2% solution of same several times each week. 

The owner reported that he sold a great many of his cows after fully 
explaining the nature of the trouble to the buyer. In fact, we received 
a letter from one of the buyers who stated that the condition still 
persisted in the animals purchased. The treatment applied to the 
animals retained was reported as fairly successful. 

On October 25, 1910, we made an examination of the college herds, 
both dairy and beef. In the dairy herd 45 cows (and heifers) and 3 
calves were examined. The accompanying table gives the condition in 
this herd. 
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College Dairy Herd. October 25, 1910. 
Number. Age. Breed. Vaginitis. Pregnant. 
2 ~~ years Brown Swiss............ —_ + 
10> Wears dren ce Brown! Swissic:.:.. 0. -- — — aborted. 
10+- years. 3. 020-%-- Brown Swiss..........- oo ab 
OW Years She ste a. a. Brown Swiss............ ++ + 7 months. 
Sy Pe VOCALS er, entetiescck- Molsteitine. 3 a.1955 sc) 46 + + 8 months, 
Ae wy CATS ae nero OMS bens ct ejeretenc aaieierststre aPak + 7 months. 
Oh YCATB ein. sere as Holstein........ Seeecee + very slight..| + 8 months, 
Sa Vearel oomisdsc-c ols teint separate ocee apt )itdike Ooene + 7 months, 
NOP syearsen eee Jersey2retee ey eo ee — + 7 months. 
DP RV CALE Ee iitar irate ash: Verseyne eee cue ++ + 
Gl RYearE'.<. Hee es. VOR Y. cate heh noe + + 7 months. 
3 Vearss) sees - JETseVRe ee REG osee — + 8 months. 
Ol OVCAUS sereerlacie. der Terseyirny con eee 2 + 7 months, 
SAM YeaTsian cree = oe Jersey eo ee — + 7 months. 
Ore) VeaTee. co tasaea cs JERSEY Ets eee < — + 7 months, 
=O VOATB:. madi ae ete Avrshiresoee eerste oe ++ + 7 months. 
AM yearne. ese Guemsey toe faeces aR + 7 months. 
Gis vearsies-bceeces: Guermsey)cn a denecceces + + 7 months. 
Gals Years) cae ee cet Guiemseyc see asoe ee ++ + 1 month. 
Aveyears: nt) S328 toes 2 Guerniseyareecne tae + slight. ...-| + 6 months. 
OP EAVEaIBeroens eee Guermseye oo sna —= jolinyo be — Just calved. 
De WYCALB: canoer a5 + 6-7 months. 
DM PMY CATR ec, anh sear + 6 months. 
DMM CATS Mate es ee ae MINS Goa + 8+ months. 
DMRVE ATR A Py. kaos Tie IA a + 8+ months. 
PA kL Be AUR Ean SHPVeAaTS: Paw. e eee 47 + 8 months. 
ZI a ee eS CBee Wears tine. cere. Holsteine snares soe + + 4 months, 
DS ee lige tela: VEO) ELVCATS UR eee wae Holsteinseeete soc aoe = + 8 months, 
DO a6, ootpe sees eas = OU YCAES Gs ee oaveter Holsteineewete seas sates ++ + 8 months. 
SOR eis tia ke. 3} Tide ggoncoooa|| Wats oaeeseinooanne + + 2 months. 
ae Oo ene ae 2 MMONUNBh-. cere csosns Hols tein.ne prose tose =) NHI ones — Just calved. 
BY) enc dig Se obits AER 2Pemonthseecsc: ccs HOLS terenny praca + + 8+ months. 
BOM oreo ees ot: AS months twee ss Gra Holsteiniyse.cceersaciee A Geos — Just calved. 
BL Ie S F nbn hoe ae ae ae D-OueMOnt hee ..2 icles a: Grallolstemmacease see + + 7 months. 
OH ea ee eae ae A MONS eee ea Gratolstemne cence ee + — 
Oli y Bers ae ee NS 20 MONtNS ies see Criolsteiinee eer eee ++ + 2 months. 
CV hac Sree nas eae 3 MONG See Guernsey Holstein....... ++ — Aborted twice. 
nish ote cb eee eee 4 months..........| Grade Guernsey........- 4- pully. 2.1 — Just calved. 
Cnt do SA Cee Reece ee d-o sMonthsee-. -ceece Grade Guernsey......... ++ + 7 months. 
AQP te west Pee 8) WON e546 apoecos Grade Guernsey......... a — aborted. 
an a ga Re a eR se Zeeemonthseeere eee oc Grade Guernsey......... =) Taihinve coc — Just calved. 
LON Ns Se eh eee 2 MOntns eee es Grade Holstein.......... ap To TiRa ep oe + 8+ months. 
118) ky Ah sae ele eee ee ene Zi) Months sees Grade Holsteiness-2.--e ++ + 7 months. 
AAG 6 emesis Spaeth QeeeMont hss ee ee Grade Holstein.......... + + 7 months. 
Aih.5 LEE A an Coe eee 2) NOTCH S eee cree Grade Holstein.......... + + 7 months, 
Calves: 
ile eis wae Se NE ae ae Sm TONED Ree eee IBrOWNI SWISS petal + 
DM ee a Ste aie Baise sree DPe<weeksee se ste s Guernsey eta tocn foe: = 
Bie Sore oeGoce sami 1iemonthee.. see IH Olsteinesee octet ne cess —_ 


‘ 
On the following day there were examined 16 cows (and heifers) 
and 3 calves in the beef herd. The accompanying table gives the condi- 
tion in this herd. : 


About 66 per cent of the cows and heifers were affected. Only one 


of the six calves was affected. 


after calving the vulvar mucosa 
quently the papules may be present but not apparent. 
applies to a considerable number of the negative cases recorded. 


It is very noticeable that just before or 


is 


considerably swollen and conse- 


This probably 


In 


both of these herds there is considerable abortion caused, as we be- 


lieve, by Bact. abortus (Bang). 


There is also an occasional complaint 
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on account of failure to breed. For two years the lactic acid treat- 
ment has been applied to all cases requiring treatment of the genital 
passages. We cannot determine the amount of damage caused by the 
“Granular Vaginitis” in these herds. 

In the work that we are doing with pute cultures of Bact. abortus 
(Bang) it was found that one of the heifers, the one that is being 
immunized, shows lesions of “Granular Vaginitis” very markedly, while 
the check is free from any lesions of this disease. We may eventually 
profit by this condition. 


Beef Cattle. 


College Herd. 


October 26-10. 


Number. Age. Breed. Vaginitis. Pregnant. 
Wsasosneeaatcosecns DIVEATR crsehsecios seit Short Horn..... ob — Just calved. 
De Ee Sera ers RoseiBuds ye iye i. Short Horn..... = — Bought recently. 
BU tn obser notereteceislohe Bellearsatarrcanec ste ce Short Horn..... + _— 
Ay eta ihe rd Heifer s-cactsey cry eee Short Horn..... + + 8 months. 
Fy Renee seers, sora taes GGA) ec acicerneracer: Short Horn..... == + 3 months. 
Oooo eekes SWEATR oo terre onianeeek (ANG UBEye eree oers = + 3 months. 
TEE AAT REE ING WHOEYCATBis a varmissrapicvee ANGUS: cats eittts = + 7 months, 
Cos er bat rite ie a VeAT Rene ei min ate Hereford....... — | — Just calved; bought recently. 
(YR bene AGe aaaae Juanita, 4-5 years.....| Short Horn..... — — Treating—vulva all slime. 
(ee ae eine ous Snowbird, 4 years.....| Red Poll....... = — Aborted; treating. 
11 Veg oe ie etre ts ener Jane Bright........... Short Horn..... + + 6 months. 
1 eo eet Seneca By rte Hudson, 5-6 years..... Short Horn..... + + 4 months. 
1s CRS en eet Sas Rose, 4 years......... Short Horn..... + + 8 months (aborted first two weeks) 
1 Yeap 3s ae Airdrie, 5 years....... Short Horn..... + + 6 months. 
Pease eter PansyA(Old)/se ye cere Red Pollieeaae + _ 
AGide eh Pernt Soldier Manso nere Scrubseeecn see. = + Alkaline vulva. 
Calves: 
1 Lepeciteiicteectearoe ances Gimonthsseciececeirseet Jur gonesccoe)| a= 
De eatesse oes eee 7-8 months........... Short Horn.....} — (?)slight.. 
BSE ete america Diweekstncces cerca Hereford....... | | 


On January 21st, 1911, we visited Chilson, Michigan, on account of 


other trouble but incidentally were able to examine a number of herds 
for “Granular Vaginitis.” 

The herd of Mr. J——— R consisted of 10 registered and 
grade Holsteins and one calf 2 to 3 months old. The latter was not 


affected. 


The records on the others are as follows: 


Name. Age. Vaginitis. Remarks. 
Purity pee rae eee ANVOATS) 25 stein hene- atmtos + One calf at 3 years old; bred. 
GYDBYeicm ame cee ht crn SiveaTe cee eee +  discharge.......... Bred yesterday; vulva swollen. 
Rate dicioanie chicoereren Giyearsnn. couric ners a Bred; 3 calves. 
Nica ape ae eter te AON VOATS fete acide toes + discharge.......... Bred 2 days ago; lost last calf at 7 months. 
JENNY ga hee eee oan Giyeateasctereocer ae + Three calves; bred 3 weeks; first affected. 
IPYIMTONe. Gee haa eee BiuVORTes toc. oon Ate tee +  discharge.......... Bred 3 weeks; 3 calves; lost one. 
GoldineG Acs eccmecere id VESTS ede A vscuun tye caw ++ congested.......... Bred 3 weeks; 4 calves. 
LEAN TAS Saempeemers ae BIVERTS OS nea nae ++ Bred 3 weeks; one calf. 
GoldineSltescer.ccsee 1Simonthainc ee eee ee SLghES. sc saeeteeeost. In calf 5 months. 
\WNy CSRS ereceitac ie QVORTS ceinetasysiepis tice Slightescwcosasactenneee Bred 2 weeks. 


The trouble in this herd seemed to have been introduced into other 
herds, but it is very difficult to trace this affection from herd to herd. 
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Mr. Ed. Mcl had 4 cows all affected, but had no trouble. 

Mr. M H———— with Grade Holsteins, had only 4 out of 
9 affected. No trouble was reported in this herd. 

Mr: H S— had 7 or 8 cows which could not be secured 
for examination. One only was examined and found affected. The 
owner claims ci have been infected from the herd of J R ; 

Mr. J had 11 Short-horns. Of these, 5 were affected, 
one being a an year-old, the others heifers. 

Mr. A eemks e had 4 Short-horns, one of which was affected. 

At Howell on April 8th, 1911, we examined a herd of registered 
Holsteins. Our attention was called to this herd because of the fact 
that a large number of heifers had failed to breed although two bulls 
had been used, one of which had an excellent record for potency. Out 
of 22 cows examined, 3 were not affected at all, or at least very slightly; 
4 were affected slightly; 6 were affected to a greater extent, and 9 were 
badly affected. Of the 14 yearling heifers, one was in heat and the 
vulva was swollen so that no papules could be seen. Three were slight- 
ly affected; 6 were affected to a greater extent, and 4 were badly 
affected. Eight calves about 4 months old were all slightly affected. 

On an adjacent farm belonging to the same owner, there had been 
no trouble with breeding. All of the cows that were examined here 
showed nothing more than slight affection. One out of 5 calves about 
4 months of age was slightly affected. 

The lactic acid treatment was adopted in the affected herd, and its 
application was successful. We are not yet acquainted with the results 
of the treatment. We hope to keep in touch with this disease, but 
have no plan outlined for investigation.”—[ Ward Giltner. | 

Avian Tuberculosis— ‘Conversation and correspondence with Mr. 
J R————., of Chilson, Mich., resulted in his sending us by 
express a dead hen. Autopsy of this hen showed extensive tubercular 
lesions of liver, spleen and intestine. 

A visit to Chilson, January 21, 1911, disclosed the fact that Mr. 
R— had lost by death and slaughter on account of sickness 
probably 150 birds. There were about that many remaining, and many 
of them showed signs of tuberculosis, such as pale comb and wattles, 
emaciation, ruffled feathers and general lack of tone. <A barrel in the 
yard contained the frozen carcasses of a number of tuberculous hens. 
An excellent specimen of the disease affecting the lung was secured. 

It was found that several neighbors had lost occasionally a few 
chickens from a chronic wasting disease. On one farm, a Plymouth 
Rock hen that had died the previous night showed a few tubercles in 
the liver and intestinal wall. I learned that, on the farm of Mr. 
R about 10 years previous (when Mr. R ’s predecessor sold 
the farm), a disease was affecting the flock and that diseased birds 
had been sold about the community. A neighbor claimed that he had 
at that time lost nearly all his flock of a chronic disease. It was found 
that tuberculosis was not infrequent in women, farmers’ wives, in this 
community. 

Our knowledge of avian tuberculosis and its control and eradication 
was very limited and purely academic. We decided that, on account 
of the limited value of the individual birds and of the impossibility of 
detecting the disease in the living birds by any means known to us, it 
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was best to advise the slaughter of the entire flock and the disinfection 
of the premises. The following spring might safely permit of the 
introduction of a new flock. 

We wished to avail ourselves of the opportunity offered to acquire 
some data on the subject of tuberculosis in birds. It was, accordingly, 
arranged with Mr. R——— to have all his chickens slaughtered and 
picked ready for market, reserving only about 20 of those visibly af- 
fected with the disease. We then agreed to make a careful autopsy of 
each bird and let the healthy ones pass for food. Mr. H. L. Kempster 
of the poultry department was invited to join us in the examination, 
and in the succeeding work. His experience as a poultryman was of 
great value to us in these studies, and he has our thanks for his kind 
codperation. 

In attempting to decide what standard might be used in determining 
the safety of these carcasses for food, we had only the U. 8. Govern- 
ment meat inspection regulations to guide us. These regulations relate 
to the inspection of mammals only, chiefly cattle and swine, and we 
decided that we were dealing with an entirely different proposition. 
To be sure, any standard of inspection of tuberculous chickens must 
be arbitrary until it can be based on a wider knowledge of the disease 
than we now possess. We, therefore, decided to pass only those show- 
ing no lesions whatever. Assuming that avian tuberculosis is infecti- 
ous to humans, one can readily see the danger in dressing the carcass 
of a tubercular bird especially to the housewife. The tubercle bacteria 
are exceedingly numerous in avian tubercles, and the hands of the 
operator might easily become badly contaminated, followed by the con- 
tamination of the lips or food substances, or utensils that might reach 
the mouth before the intervention of any sterilizing process. 

Out of 143 birds examined, 48 were found diseased. The following 
tabulation shows the distribution of the gross lesions detected in a more 
or less hasty examination : 

Liver only, 18 cases, 37.5 per cent. 

Intestine only, 13 cases, 27.0814 per cent. 

Liver and intestine, 7 cases, 14.581-7 per cent. 

Liver and spleen, 5 cases, 10.4124 per cent. 

Intestine, liver and spleen, 3 cases, 6.25 per cent. 

Intestine and spleen, 1 case, 2.0814 per cent. 

Spleen only, 1 case, 2.0814 per cent. 

Forty eight cases, 100.00 per cent. 

Of ‘the 48 cases: 

The liver was involved in 33 cases or 69 1-12 per cent. 

The intestine was involved in 24 cases or 50 per cent. 

The spleen was involved in 10 cases or 205-6 per cent. 

It does not follow from these tabulations that there were not other 
tissues affected. We know that the mesentery was affected in many 
cases. The viscera were removed through as small a vent about the 
cloaca as possible, consequently the lungs and kidneys were not seen. 

The passing of any of the birds without a more extended examina- 
tion of the organs may be open to criticism. We will not discuss that. 
It is of interest to note that the birds were nearly all in very good 
condition, even fat. Only two or three showed active ovaries. 

About the second week in February, we received 19 chickens that 
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had been reserved as the most probably affected. One of. them died 
shortly after receipt and showed, on autopsy, tubercular liver, spleen 
and intestines. We decided to try the tuberculin test on the remainder. 
Six healthy white leghorn hens were introduced from the college flock 
as checks. The Government (B. A. I.) tuberculin was used. Tables 
I and II show the results of the tests on both the normal birds from 
the college flock and the normal and tubercular birds from Chilson. 
Initial temperatures were taken on Feb. 22, 23, 24 and at 8 a. m., Feb. 
25th. Three normal college birds were then injected with 0.1 cc. and 
0.5 cc. of tuberculin diluted ten times with 0.5 per cent carbolic acid 
respectively, and one with 2 ce. of undiluted tuberculin. Also six of 
the Chilson chickens were injected, one with 0.1 cc., one with 0.2 cc., 
and one with 0.5 cc. of diluted tuberculin, and one with 1 ce., one with 
2 ec., and one with 5 cc. of undiluted tuberculin. The temperature 
of these birds was then taken throughout that day and the following. 
The remaining birds were injected at 9 p. m. on Feb. 25th with 1 ce. 
each of undiluted tuberculin. The injection was made into the pectoral 
muscles in all cases. 

The results confirm the work of Ward in ‘this connection, and show 
the inapplicability of the tuberculin test with chickens. Ward _ ob- 
tained similar results with avian tuberculin, i. e., tuberculin prepared 
from avian tubercle bacilli. 

There is a greater variation in the temperatures of the normal birds 
than in the tubercular. Absolutely nothing can be deduced from these 
records that will serve as a clue to further work along this immediate 
line of investigation. The problem must be approached from a differ- 
ent angle. 

Autopsy records showed the first eight chickens in Table II to be 
free from gross lesions of tuberculosis. 

No. 19 showed emaciation—liver, intestine, spleen affected. 

No. 369 showed emaciation—liver, intestine, spleen affected. 

No. 258 showed emaciation—liver, intestine, spleen affected. 

No. 963 showed intestine slightly affected. 

No. 560 showed liver, intestine, mesentery, ovary affected. 

No. 895 showed intestine and liver affected. 

No. 643 showed emaciation; liver, intestine and spleen affected. 

No. 74 showed emaciation; intestines affected. 

No. 457 showed emaciation; liver affected. 

No. 30 showed emaciation; liver affected. 

Of these cases: 

Four or 40 per cent. showed liver, intestine and spleen affected. 

Two or 20 per cent. showed intestine and liver affected. 

Two or 20 per cent. showed liver only affected. 

Two or 20 per cent. showed intestine only affected.”—[ Ward Giltner. ] 


A Disease of Sheep in Clinton County.—‘Dr. Gohn has reported losses 
of ewes advanced in pregnancy for a number of years. Almost with- 
out exception, the ewes have carried twin lambs. The mortality in 
affected cases has been practically 100 per cent, but only a small per- 
centage of a flock as a rule has suffered. The sick animals lose their 
appetite, persist in a recumbent attitude with the head drawn to one 
side, as in milk fever in cows, and the neck muscles are tensely con- 
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tracted. The head cannot be placed in any other position without con- 
siderable force. As the disease advances, the sheep can not. or at least 
will not stand. Constipation is present. Many may injure the cornea 
and conjunctiva while struggling. Death usually occurs in a week. It 
is usually found that these flocks are subiected to a diet in which succu- 
lent feed and a proper grain ration is conspicuously absent, and where 
coarse fodder forms the bulk. or the entire ration. Even where clover 
hay is used. it is usually very coarse and woody. Bean vines are very 
frequently used in excess. and Dr. Gohn has susnected them of being 
responsible for the trouble in large part. It is also found that the 
sheep are too closely confined. usually having only a small lot for ex- 
ercise from fall until after the lambing season is over. 

Under the head of neurasthemia. Dr. Law has described a condition 
in pregnant ewes similar to many of the Clinton county cases. A proper 
diet and enforced exercise, if necessary, are recommended by Dr. Law. 
Dr. Gohn adopts the same plan with success. 

On 4-17-11, I visited the farm of Mr. Rodswell, about 9 miles from 
St. Johns with Dr. Gohn. We found, in a flock of about 20 or more, 
three ewes affected and showing svmptoms much as has been described. 
Each showed considerable mucous nasal discharge. None of the sheep 
could stand. Only four lambs had been dropped thus far. We killed 
the three affected ewes, all in good flesh. 

No. 1 had single fetus nearly full term. Organs nearly all normal. 
Few Oesoph. columbianum, very few Haemonchus contortus. Rumen, full 
and contents quite dry and firm. Reticulum, omasum and abomasum 
practically empty, as was small intestine. Liver showed vellowish tinge 
and bile ducts and bladder fill of normal bile. Large intestine contained 
dry, firm feces. Gastro-intestinal mucosa, nale generally. Brain showed 
very slight congestion of meninges, otherwise firm. One large Oestrus 
ovis larva found in nasal passages. All nasal mucosa, intensely con- 
gested. 

No. 2: Not pregnant. Organs nearly all normal. except that the 
reticulum and abomasum were nearly empty, and the omasum and 
small intestine were practically empty. Few Oecesophagostoma colum- 
bianum and very few Haemonchus contortus. Gastro-intestinal mucosa 
very pale. Liver, yellowish, and gall ducts and bladder filled with 
bile. Brain as in No. 1. Nasal mucosa intensely congested. In left 
frontal sinus considerable mass of yellow pus and necrotic tissue or 
debris. No oestrus larvae. 

No. 3: Two fetuses nearly full term. Organs nearly all normal. 
Few Oesoph. columbianum, and quite numerous young Haemonchus 
contortus. Rumen contents, normal. Reticulum and abomasum con- 
tained only small amount of food. Omasum and small intestine, prac- 
tically empty. Gastro-intestinal mucosa, pale. Contents of large in- 
testine, dark and very fine. Nasal mucosa, congested. Right frontal 
sinus contained thickened inflammatory mucosa. One small Oestrus 
larva found. Brain as in Nos. 1 and 2.”—[Ward Giltner. ] 

Worms in Pigs at Hastings, Mich.—‘As a result of considerable cor- 
respondence, I visited the farm of M —— Bros., near Hastings in 
order to determine the cause of unthriftiness of their pigs. It was 
known that hog cholera visited this region about seven years ago, and 
the correspondence suggested chronic cholera. However, they had 
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demonstrated by their own examination the presence of numerous as- 
carides in the small intestine and even in the bile ducts and they had 
carried out a course of turpentine treatment for worms. 

Upon my visit, I found the pigs, mostly Chester Whites, in a small 
enclosure with access to a large clover pasture on the border of a marsh. 
The pigs were fed ground oats and rye in a slop with only a little milk. 
Charcoal was constantly before them. They were in rather poor condi- 
tion and not well developed for their age. Several of the sows were 
lame in the hind parts, but when made to run the lameness disappeared 
temporarily at least. The cause of this lameness was not determined. 
Many of the pigs coughed. 

The poorest pig in the lot was killed and carefully examined. Only 
one ascaris could be found in the small intestine. The lungs showed 
considerable extension of broncho-pneumonia, probably of verminous 
origin, but a careful search revealed only one specimen of Str. paradoxus. 
It seems probable that the treatment had caused the emigration of a 
considerable number of parasites.”—[Ward Giltner. | 


COMMERCIAL BACTERIOLOGY. 


Miss Louise Rademacher has had charge of the cultures which have 
been distributed over the state for various purposes. She prepares these 
culiures, fills orders, and formulates the results. A summary of the 
cultures distributed is furnished in the following statement by Miss 
Rademacher: 


NG AcCHliures aitalfa ‘Sent OU cc... eee 1,823 
No. cultures red clover, sent out ............ 91 
No. cultures alsike clover, sent out .......... 5 
No. cultures white clover, sent out .......... 3 
No: cultures soy beans, sent oul... a8 2. 7.).. 44 
No. cultures*white beans, sent out .......... 61 
No. ‘cultures peds, ‘Semt OWl os... ote bie tet 24 
INo; ‘cultures cowpeas, “Sent OWLT. 5. ccc ncie eins 41 
INO} Cultures Vetch, Sent, out. 't. ate oot ek. 30 
No. cultures sweet peas, sent out ........... 2 
TOCA 2 Ack eek & deslete Ree Cn erate OES RIE ote 2,124 

No. cultures for which collections are out- 
Stamdine. vipers fd tans cies. te ori ee ee 41 
No. cultures sent for special tests (gratis)... 36 
Alcohol-acetic cultures sent out ............. 31 
Lactic cullures sent sOmt.. 1... cs cic ore Sev cine 22? 


Miss Rademacher also contributes the following summary for the 
manufacture and distribution of hog cholera serum: 
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FINANCIAL REPORT ON HOG CHOLERA SERUM MANUFACTURE. 


July ist, 1910-July Ist, 1911. 


eed CONCEMErAtCdS CFR. feast ee aes. 25) 2's $733 14 
Haye Straw and TroOuUgnage, Fe. eas <csceie 51 10 
SSWAINCM Ai tein idence Hicrminte weteeear ta scl s ete tel 1,510 25 
ys) 0) OF 0 re OL ge ae er ea Se 400 33 
Urey CRA ere tm nae tart eer ara tet ao. dict. ahaha, '3 01:5! aha 20 02 
POIs Sere he nN At Nan noc: teuattaen ar 2,500 00 
$5,214 84 
Value of Receipts and Products on Hand. 
Actual receipts for serum and virus ..... $5,473 68 
Actualereceipis: Ors Pigs Besse onc. 5s oi he 0 783 42 
Value of tested serum on hand (at 2c).. 1,246 02 
Value of untested serum on hand (at 1e). 1,334 30 
Value of unmixed serum on hand (at le). 771 42 
Value of hogs on hand not in work (mar- 
ele RUC!) ts kh vewsresten cee. eee Se heres Suara eo ets 233 60 
Value of hogs in work (estimated) ..... 710 00 
$10,552 44 
Deducting products on hand July Ist, 
Lee sears & con istuatensba soar sho shane? 2,490 8&8 
Actual value of products for year. . $8,041 56 
SERUM. 
Rotal No. cer.on hand cood. July vist: VOM 22 mie ni. Se..5 2 43,348 
Dotal No. ce. on} hand, untesteds: July dst 1910.).. 42+ 25. 13,536 
DotalsNo,.cc:-on hand; poor, July past lOO yee ae saws . 2 23,910 
Total No. cc. drawn and mixed, July 1st, 1910-July ist, 1911 268,001 
Total No. cc. drawn and not mixed, July 1st, 1910-July 
LUST ELE Is Tak Ra ENN omer ete ie Pec wR, Sth ee ee 77,142 
Total No, ce: drawit, fOr EXPeriniveMmts, . 5. < « s...cs eis lsbiene shete- 9,920 
ANCE EA Aa ot ceeuek re Se See tg cir tk AA ON Ce cic PRS cn 435,857 
Motal No. ec) sold, July, 1, 1900 -Suly, 15 VOW. ere sie er. «apes 135,286 
Total No. ec. used for testing and experiment ........... 11,981 
Notal, No..¢e. mixed serum) on hand, tested <4. J... 2/235 62,301 
Total No. ce. mixed serum on hand, not tested........... 133,430 
Kotak sNo.. ce. not mixed) serumuon hand. :s,. 5:27 cesta «cee 77,142 
Total No. cc. poor serum from last year, destroyed ........ 6,712 
fotaleNo; ce; Poor Serumvonn Hand \ >. sciciertiead ease tess 58% 4,481 
PotaleNo, Cea breakage AMdwerron ». yrs aire eae ates sacis te +72 4,520 
PR) tical tReea Dieter seas ss BS PEN SE RRC aes, sheik Ne ar ¢ fates 135,857 
No. ce. for which collections are outstanding ............ 0) 
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The serum continues to give good results, in fact, I am disposed to 
think that our ability to employ it effectively is increasing with our ex- 
perience in the details of manufacture and application. 

It also falls to Miss Rademacher’s lot to keep record of the number 


of tuberculin tests made under the direction of this department. She 
reports the number as follows: 


Nov cattle: tested: for tuberculosis? <4,412.. 22 oe oe eee 510 
No cattle condemned: 45 54<S-o8 vee ek Pe Le eee 8 


The work of this division of the Experiment Station has gone forward 
during the past year very smoothly and satisfactorily. The spirit mani- 
fested in the conduct of all of this work reported has been admirable. 
Each and every member of the staff has been faithful and persistent in 
carrying forward his share of the burden. 

Very respectfuly submitted, 
CHARLES E. MARSHALL, 


Bacteriologist. 
East Lansing, Mich., June 30, 1911. 


REPORT OF THE CHEMIST. 


Director Shaw: 

I herewith submit the following report of the work of the Chemical 
Division for the year ending June 30th, 1911. 

The work of the division may be divided into three general classes, 
viz.: investigational, cooperative, including analyses of materials sent 
in by residents of the state, and the fertilizer control. 

The only new line of investigation undertaken during the year was 
a study of the manufacture and storage of lime-sulfur spray solu- 
tion. Mr. Jas. E. Harris, who was temporarily engaged during the 
summer of 1910 to work on this problem, originated new methods of 
analysis and also brought out some new points in connection with its 
manufacture and storage. 

The lines of research under the Adams fund, “A study of the organic 
nitrogenous compounds in soils and their variability” and “A study of 
the chemical factors rendering soluble the insoluble phosphates of the 
soil,” are being continued and the laboratory investigations are now 
being supplemented by pot experiments. 

The cooper ative work with the Horticultural Department reported 
last year is being continued and the experiments at Lawton, on the in- 
fluence of cover crops and commercial fertilizers upon the yield of 
grapes, is beginning to create a considerable amount of interest. 

One hundred and twenty samples of a miscellaneous nature, sent in 
by residents of the state, have been analyzed. 

The fertilizer control occupies the time of two chemists about four 
months each year. The number of different brands of fertilizer sold in 
the state has not increased much during the past year though the actual 
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consumption of commercial fertilizers is still on the increase and will 
keep on increasing as the farmers of the state gain a better and clearer 
understanding of how and when to use them. 

The following bulletins have been published during the year: 

No. 263—‘Fertilizer Analyses’—Andrew J. Patten, O. B. Winter and 
C. G. Clippert. 

Technical Bulletin, No. 6—‘Lime-Sulfur Spray”—Jas. E. Harris. 

Technical Bulletin, No. 7—“Organie Nitrogenous Compounds in 
Peat Soils” I1.—Chas. 8S. Robinson. 

Circular No. 10—“Manufacture and Storage of Lime-Sulfur Spray” 
—Andrew J. Patten. 

I regret exceedingly to record the resignation of Mr. O. B. Winter, 
who has accepted a more remunerative position with the New York 
State Agricultural Experiment Station, Geneva, N. Y. Mr. Winter has 
been connected with the division since February, 1910, and his zealous 
performance of the duties assigned to him have made him a very valuable 
man and his going will be a distinct loss to the institution. 

Mr. Clarence Clippert severs his connection with the division with the 
close of the fiscal year and Arao Itano, a graduate of the college, has been 
engaged for one year. 

In conclusion I wish to express my appreciation to my associates 
for their untiring interest in the welfare of the division and for the 
pleasant relations that have prevailed. 

ANDREW J. PATTEN, 
Chemist. 
Kast Lansing, Mich., June 30, 1911. 


Nore.—The following papers upon “Neutral Ammonium Citrate Solu- 
tions” and the use of Busch’s “Nitron” for the Determination of Nitrate 
Nitrogen in Soils and Fertilizers are here published as of interest in 
connection with the report of the chemist. (Kditor.) 


NEUTRAL AMMONIUM CITRATE SOLUTIONS.? 
BY A. J. PATTEN AND C. S. ROBINSON. 


Since the proposal of the neutral ammonium citrate method for the 
determination of available phosphoric acid much trouble has been ex- 
perienced in preparing a strictly neutral solution of the reagent. The 
weakness of both the acid and the base renders. the end point quite 
indistinct with ordinary indicators and much time and patience are re- 
quired on the part of the operator to obtain the desired results. Sev- 
eral complicated modifications of the simple titration method have been 
proposed but each has objections which prohibit its common acceptation 
by practical chemists. The importance which the method has assumed 


10wing to trouble with apparatus and the interference of other work progress on these 
experiments was retarded and before their completion an excellent article by Hall and Bell 
appeared (Journ. Amer. Chem. Soc. 33, 711,) in which it was shown to be possible to use 
the method outlined. A second article by Hall has since been published (Jour. Ind. 
and Eng. Chem. 3, 559,) pointing out the practicability of the method for common nse. 
The results given add but little to the material in the above articles and their 
publication was withheld for some time. It has since been deemed wise to publish ee 
however as corroborating the work of the above authors. They also show through w a 
a wide range the so-called ‘neutral’ ammonium citrate solutions may vary as prepare 
by the official method. 
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in agricultural work demands, however, that some convenient means 
be devised for preparing the necessary reagent. 

As is well known, the variation in electrical conductivity offers a 
means of titrating some solutions with which ordinary indicators fail 
and it occurred to one of us, that, possibly this might offer a way of 
overcoming the difficulty In making a neutral solution of ammonium 
citrate. The method depends upon the velocities of the hydrogen and 
hydroxyl ions. If alkali is added to an acid solution, i. e., a solution 
containing free hydrogen ions, the conductivity decreases as the amount 
of alkali is increased. The reason for this is, that the rapidly moving 
hydrogen ion of the acid is removed by union with the hydroxy] ion of 
the base and the current-carrying power of the solution is thrown more 
and more upon the slower moving anions and cations of the acid and 
alkali radicles respectively. After passing the neutral point however, 
the conductivity increases owing to the addition of an excess of the 
rapidly moving hydroxyl ions. Hence, by plotting the conductivity (or 
resistance or bridge readings) against the amount of alkali and get- 
ting several readings on each side of the neutral point a curve can be 
plotted which will show a minimum or maximum at the point of 
neutrality of the solution. From this curve the exact amount of alkali 
required to neutralize a given ‘quantity of the solution can be predicted. 
We found that the method worked very well and no trouble was ex- 
perienced in determining quite accurately the amount of alkali required 
to neutralize the acid present in the solution used. The method is 
easily carried out and requires but little more time than the ordinary 
method of neutralizing with coralline as an indicator. 

The method of procedure was as follows: A solution of citric acid 
was almost neutralized with ammonia, care being taken to keep the 
density below 1.09. Small samples of this solution were then titrated 
with a dilute solution of ammonia (about 3%) to determine the ap- 
proximate amount required to neutralize the remaining acid. Definite 
quantities of the citrate solution were then removed with a pipette and 
transferred to clean dry flasks. To these portions of the original solu- 
tion, varying quantities of the dilute ammonia solution were added in 
such a way that several contained more and several less than the ap- 
proximate amount required for exact neutralization, as determined by 
the titration with coralline. These solutions were then placed in a 
thermostat the temperature of which was held constant and allowed to 
come to the temperature of the bath, after which their resistances were 
measured by the wheatstone bridge method. Plotting the cubic centi- 
meters of ammonia added against the bridge readings, gave a curve from 
which could be read the amount of ammonia required to exactly neutral- 
ize the acid remaining in a given quantity of the citrate solution. 

The following tables give the results of two such titrations, 100 c¢. 
c. of acid solution being used for each determination. Solution I was 
almost saturated. Solution 2 was diluted so that the addition of the 
required amount of ammonia brought the density up, almost, to 1.09. 


EXPERIMENT STATION REPORTS. 175 


TABLE I.—Solution I. Fig. I. 


ce. c. NH4OH. Bridge reading. c. ec. NH4OH. | Bridge reading, 
30 582.25 90 610 .50 
40 594.75 100 608 .50 
50 603.50 110 606 .00 
65 609 .50 
80 611.00 Neutral. 
| 
Calero iG. 611.25 
Observedaacit stitute tee 611.25 


Solution 2. Fig. 2 


c. c. NH4OH. Bridge reading. | ce. c NH4OH. Bridge reading. 
10 597 .25 40 596 .50 
20 598 .25 | 50 589.50 
25 .2 598 .50 60 | 582.50 
30 598.75 | 
35 598 .25 Neutral. 
(OHG., 2oeees 31.50 598 .80 
Observed ac sngecwietes ten seste 598 .75 


The results show that 760 c.c¢. and 315 c. ¢. respectively, of the dilute 
ammonia solution were required to neutralize the acid in one liter each, 
of the acid citrate solutions. Portions of each of the citrate solutions 
were then measured out, the caluclated quantity of ammonia solution 
added and the solution diluted to a density of 1.09. 


S8urpeoay abpisag 
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In order to determine the personal factor in making up the solutions 
in the old way, two samples of solution 2 were neutralized according to 
the official method by each of three laboratory assistants working 
separately. i00 c.c. portions were taken and the dilute ammonia solu- 
tion run in from a burette encased in a sheet of opaque paper to pre- 
vent the reading being taken till after the supposed neutral point had 
been reached. In this way each operation was made absolutely inde- 
pendent of the others. The conductivities of the solutions were then 
taken. The readings were found to fall on the curve obtained by the 
titration at the points to be expected from the quantities of alkali added. 
The results are reported in Table 2. 


TABLE II. 
‘= ) , 
c.c. NH,OH Bridge hey |e.c. NH,OH Bridge 
Number. pdded Reading. Number. nated Reading. 
2 Ta arene eee ver 36.10 BOG ORTON Tse haste oe ee ee 39.15 597 .25 
DUM ied Rely Seek ae ee as 35 .88 BGS sO Millio geeks a Ae 37.75 | 597.50 
12) ea ogee tp Paes tee, 32.78 598.75 
1718 Geen ee en ee Be 33.70 598.25 | 


From an inspection of their positions on the curve the alkalinity or 
acidity of the various solutions could be determined. As can be seen 
from the accompanying figure (Fig. 2, points indicated by °) the amounts 
of alkali vary considerably, 63.7 c.c. per liter between the extremes, 
and in no case was an exactly neutral solution obtained. 


sSuipeay aSpiig 
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These examples fairly illustrate the difficulty of making up a suitable 
reagent by the official method. It is quite possible that in many cases 
the character of the “neutral” ammonium citrate solution varies more 
than in the cases cited and that considerable error may be introduced 
into determinations in this way. 


EXPERIMENT STATION REPORTS. 177 


To ascertain whether or not these differences in the citrate solution 
would produce marked differences in the results of analyses made with 
them, several actual determinations were made. The solutions used were 
conductivity solution No. 2 (C,) R. Il, PI and MI. A sample of com- 
mercial fertilizer was used which had been analyzed during the fer- 
tilizer campaign of 1911, and the result recorded at that time for in- 
soluble phosphoric acid, was 2.48%. Unfortunately the conductivity of 
the solution was not obtained. 

The four solutions were carefully diluted to a specific gravity of 1.09. 
Two samples were weighed out for each solution and the official method 
for insoluble phosphoric acid was followed very closely. The results 
are given in Table 3. 


TABLE ITI. 
Solution Cy. Solution R ;;. Solution P ,. Solution M ;. 
gm. MgoP207. gm. MgoP.07. gm. MgoP 207. gm. MgoP 207. 
0235 -0245 0246 .0266 
0237 -0230 .0241 .0275 
0239 0246 0245 
.0237 .0249 0241 
.0230 -0236 .0239 
.0239 0238 
Average... .0236 .0241 0242 0271 


3.01% P205 3.07% P05 3.09% P05 3.45% P2O:. 


The duplicate results agree very closely in every case with the ex- 
ception of solution R,,. Here we find one result (.0280) as low as 
the lowest result obtained with the conductivity solution and one result 
(.0249) higher than any obtained with solution P,. When, however, 
we consider the average of the results, we find the result for solution 
R,, falls between those obtained with the C, and P, solutions. 

The results obtained with the three solutions C,, R,, and P,) are very 
close and for fertilizer work, at least, would be considered identical in effi- 
ciency since variations in the manipulation of the method might cause 
greater differences than are here reported—However, the fact cannot 
be denied that solutions R,, and P, are not strictly neutral and that 
they give slightly higher results for insoluble phosphoric acid. And 
furthermore, the solution M, adds emphasis to the fact that the present 
official method cannot be relied upon to give a strictly neutral solution 
nor even solutions of the same degree of neutrality in the hands of all 
chemists because it is very difficult to detect just when the change of 
color takes place. 
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The conductivity method does give a strictly neutral solution and 
the authors believe it should be adopted as one of the official methods 
for determining the neutral point of ammonium citrate solutions. 


THE USE OF BUSCH’S “NITRON” FOR THE DETERMINATION OF NITRATE 
NITROGEN IN SOILS AND FERTILIZERS. 


BY C. S. ROBINSON AND O. B. WINTER. 


The object of the work reported in this article is the comparison of 
the official zinc-iron reduction method for the estimation of nitrate 
nitrogen with the so-called “Nitron” Method of Busch, as appled to 
soils and fertilizers. In the course of the work now being done in this 
laboratory, on the nitrogenous compounds of humus, it became neces- 
sary to run a considerable number of nitrate determinations on soils 
‘rather rich in organic matter. It was thought that under the influence 
of the strong reducing agents used in the official method some of the 
organic nitrogenous compounds might be broken down with the forma- 
tion of ammonia, thus, causing high results. We hoped to adopt some 
modification of the “Nitron’” method to the work and eliminate this 
source of error. The results were, however, not at all satisfactory. In 
a few cases on ordinary soils good results were obtained but if any 
considerable amount of organic matter was present, the precipitate, if 
at all crystallin was dark colored, and in many cases only brown 
flocculent material was thrown down. : 

This was not true in the case of commercial fertilizers as was antici- 
pated from the fact that several articles,’ have recently appeared, report. 
ing good success with the use of “Nitron” for the determination of nitric 
nitrogen in commercial nitrates. Occassionally brands of commercial 
fertilizers are encountered with which it is difficult to get consistent 
results using the official method for nitrates and it is highly desirable 
that some new method, applicable to such cases be developed. A num- 
ber of comparative analyses were made by the two methods on brands 
giving good results with the official method to see if equally good re- 
sults could not be obtained with the “Nitron” method. The results were 
very satisfactory and it seems probable that the “Nitron” method could 
be used to advantage in the analysis of such material. 


ACCURACY OF THE METHOD. 


Busch claims that “Nitron” or 1.4-diphenyl-3.5 endanilodihydrotryazol 
will precipitate nitric acid from solutions of one in sixty thousand at 
ordinary temperatures and one in eighty thousand at zero degrees. This 


1J,, Radlberger, Osterr. Ungar. Ztschor. Zuckerindus. u. Landw. 39, 488 (Abs. in FE. 8. 
R, 24, 120). 

ee aon Wasilieff, Zhur. Russ. Fiz. Khim. Obsch. Chast Khim 42, 567, (Abs. in E. S. R. 
24, 9). 
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would be equivalent to 0.00004-0.00003 parts of nitrogen per hundred 
which is quite as accurate as the ordinary distillation methods. The 
fact that the nitrate nitrogen forms only 3.73% of the weight of 
the precipitate greatly increases the accuracy of the method over ordi- 
nary analytical methods. 


NITRATES IN SOIL. 


The following method of procedure was used in the analysis of soils. 
100g. (or a larger quantity if necessary) were weighed into a beaker 
and thoroughly stirred with hot distilled water to form a thin paste. 
After standing some time the liquid was drawn off with suction and 
the residue washed on the filter with hot water till the filtrate amounted 
to 200-300 c.c. The combined filtrate and washings were then con- 
centrated to about 100 c.c¢., filtered through a folded filter, to remove 
sediment which may have accumulated during concentration, and the 
filtrate further concentrated to 50-75 c¢.c. To this liquid while still 
hot a few drops of (I-I) H.SO, were added and then 5-10 c.c. of a 
solution of “Nitron” in 5% acetie acid. During the addition of precipi- 
tating reagent the solution was vigorously stirred and the sides of the 
beaker scratched to insure precipitation. The beaker was then set in 
ice water or in the cold chamber of the refrigerator for several hours 
or over night. At the end of this time the precipitate was transferred 
to a weighed gooch crucible’ by means of the mother liquor and washed 
with a few c.c. of ice water applied in a fine jet from a wash bottle. 
It was dried to constant weight at 110°. 

For the distillation method the soil was extracted as above and the 
ammonia removed from the extract by distillation with MgO after 
which the residue was treated as directed on p. 10 method “h” of the 
official methods. 


EXPERIMENTAL. 


A mixture of 200g. of pure quartz sand and 350 mg. of pure KNO, 
was prepared and extracted as above. The extract was concentrated and 
made up to 200 c.c. of which aliquots of 25 c.c¢. were taken for analy- 
sis. 


“NITRON” METHOD. 


25 ¢.¢c. samples gave 0.1612 and 0.1607 g. “Nitron nitrate’—6.01 
and 5.99 mg. N respectively. 


DISTILLATION METHOD. 


25 c.c. samples gave NH, equivalent to 4.05 and 4.00 c.¢«. N/10 H, 
SO,—5.67 and 5.60 mg. N respectively. 

Theory = 6.06 mg. N. 

The following are some of the results obtained with samples of soil 
collected at random from various fields on the college farm. 

The results are not at all concordant. 


1After weighing, the precipitate can be burned off and the same crucible used repeatedly. 
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Mg. N. Per 100 g of Soil. 


Sample‘number. a 
Distill. “Nitron’’. 
1 [eid RRND eo Ome ae D ee aeS BENE ser node os no nose an Cane ouacdeooctas Wisc Seok ists goiter mee eae 6.65 7.10 
Oe REE ARE Jen REO CR eee. Larocise Oe an Soot se agaar Gabi anGasica ao cus em age sats 0.88 0.40 
Qi ld Oe AN ck Bi ols cite-aue Satta er Reta ayo oe Suseete eae apuaatcte toms sei eee slole cars ttecae ee meSee 3.85 4.58 
ee iA a ees ee a ea eacet- ame nobacdoddD Heecaes sha ge Comsomeonaroor ID so sqadot 0.86 0.38 
i As PO Se EE CO AR ee SRA ae are 5 a oN ee Soho GOR OS TO GO Supaun bah Bomtos 4.90 2.17 
Bp ae eee chore ssa c ahactase ely Eh SUer peed ic aNe oh Sacrascto Paw fase atere behets ateatte abotens lov abededetagete eves stele ea sersterare 5.76 5.96 


From the appearance of the precipitates and from the fact that fairly 
good agreement was obtained with pure quartz sand it seems probable 
that the error is due to the humus in the soil. 


NITRATES IN COMMERCIAL FERTILIZERS. 


With fertilizers much better results were obtained. The following 
table gives some of the results with various samples, some of which were 
quite pure sodium nitrate while others were mixed fertilizers. Pre- 
liminary tests were made with diphenylamine. Five to ten grams of 
the sample, according to the apparent amount of nitrate present, were 
weighed into 590 ¢. ¢. flasks, dissolved, and made up to volume. Ali- 
quots were taken and analyzed as described above except that concentra- 
tion was usually unnecessary and in some cases the sample was diluted 
to 75-100 c.e. 


Distill. “Nitron.” 


Sample number. Method. Method. 
L200). en, eh a Ree a NE a TN Ce SNE fas ea 
DBP. aos jacin HSE AS OBS OS 710 AEM TES BOM BEG OCORED SOOU oao ACH Isp ooUb ar oocanea gan. { Le Ae 
Esper 8 tila) Act ROE Le a ee RNa et ES OT OR Rn ca Re 2 { Jean eens 
DST One ee hee Orn oe AR ce SEES wad OT Te eatore SMe Om Me ate iG ee ETE RES { ieee | neh 
FE NELR Tee Ie UA ER Ne ot eo rete es ae AE nee eh ama | oe 
a er ee Ae ee he es eet { Bm) 5B 
EE Oo LOAN IO nd MN eH: f 1m} 1a 
MRR UU no Ale en Pee a an ian ame Ret ie { nee Jet 
PPE, Sect 28 Mar eS gen, ee age eee dee eee. doe eS 
POAUE oe te co eh a RE OS PEE ES TRE” SE ERO RA CER. { Aek Bet her 
i ee IES, 5/5. OFS atc cues mactnpeccon anee oene sees qo a 17 
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The results check up well as a whole, the duplicates in the “Nitron” 
method agreeing slightly better than in the distillation method. In 
nearly every case the “Nitron” results are a little lower than the others. 
This is less than 0.2% in every case. It is: probably due to the solution 
of some of the “Nitron” precipitate rather than high results in the dis- 
tillation method, as the results in that column are corrected for a blank 
run on the materials used in the analysis. 

The “Nitron” method presents some advantages over the older method 
in that it requires less actual time on the part of the operator than does 
the distillation method and the number of samples that can be run 
simultaneously by one man is limited by his own ability and not by 
the capacity of any one piece of apparatus as in distillation method. 

In summing up the work it might be said that the “Nitron” method 
seems to be generally inapplicable to the determination of nitrate nitro- 
gen in soils but can be used to advantage in the determination of this 
form of nitrogen in fertilizers. The reason for its failure in the case 
of soils is the presence of organic matter which either contaminates the 
precipitate or holds it up. 


REPORT OF THE HORTICULTURIST. 


Director R. S. Shaw: 

Sir:—I herewith submit a report of the Horticultural Division of the 
Experiment Station. 

The cover crop and fertilizer tests have been continued in three vine- 
vards near Lawton. In this large grape growing section, cover crops 
are not used to any extent nor is much fertilizer of any kind used. It 
is our belief that a continuation of this way of handling the land will 
lead to a marked reduction of the yield of grapes. This has occurred 
in some of the grape growing regions of New York. The use of cover 
crops must be adopted; chemical fertilizers alone will not maintain 
fertility and it would be impossible to secure enough manure for this 
purpose. 

We want to determine the most suitable plant or plants for a cover 
crop under the local conditions. The effect of using four hundred or 
five hundred pounds per acre of a “home mixed” fertilizer in connec- 
tion with and without the cover crop, is also being tested. 

Among the cover crops under trial are buckwheat, velvet bean, spring 
vetch, cowpeas, winter vetch, oats and rye. After two years of some of 
these crops with the resulting humus, the clovers will be tried. 

The fertilizer tested was of the following formulas: 


300 pounds acid phosphate. 
100 pounds sulphate of potash. 


400 pounds per acre. 


182 STATE BOARD OF AGRICULTURE. 


100 pounds dried blood. 
300 pounds acid phosphate. 
100 pounds sulphate of potash. 


500 pounds per acre. 


400 pounds tankage. 
100 pounds sulphate of potash. 


500 pounds per acre. 


So far the observations upon the cover crops indicate that the winter 
vetch sown in August, at the rate of thirty pounds per acre, is the 
most satisfactory. 

The influence of the cover crop and fertilizer upon the yield cannot 
be obtained until this fall (1911) since the tests were not started until 
August, 1909, and in 1910 the grape crop was only about five per cent 
of a normal crop owing to the late spring frosts. These tests are 
being followed with much interest by the grape growers in the vicinity 
of Lawton. 

The effects of cover crops in orchards are in progress at South 
Haven, Casnovia, Scottville, Ludington and Bellaire. The plot in each 
place comprises six acres of as uniform soil as it is possible to secure. 
Plants that are being tested include the clovers, vetches and various 
mixtures of plants that grow rapidly in the fall and others that grow 
rapidly in the spring. Other conditions being satisfactory, an effort is 
made to locate these tests in an orchard that is conspicuous and of easy 
access to all fruit growers in the vicinity. Much good has already 
resulted from the observation of neighbors. 

The most promising plant so far tested is the winter vetch, twenty- 
five to thirty pounds of seed per acre sown in July or August. 

Tests have been continued to determine the advantages of spraying 
potatoes to protect them from late blight and rot (Phytopthora in- 
festens). Last fall (1910) upon the college grounds, one acre of potatoes 
were grown under uniform conditions of soil, fertilizer and seed. Every 
other of four rows were sprayed with Bordeaux mixture (six pounds 
copper sulphate, four pounds of lime to fifty gallons of water) and when 
needed, Paris Green (1% pound to fifty gallons of Bordeaux). Spray- 
ings were made on July Sth, 22nd; August 5th, 19th and September 
2nd. Paris Green was needed in the first two sprayings. The alternate 
four rows were protected from bugs by spraying with Paris Green on 
July 8th and 22nd. At no time could blight (Phytopthora infestens) 
be found on the plants. At digging time, the yield of each row were 
sorted into marketable potatoes and “culls,” the latter being those 
smaller than a hen’s egg. The gain for the five sprayings was 43 
bushels 28 pounds of marketable tubers. 

The cost of spraying and of the material is from eighty cents to 
one dollar per acre, for each application. This increase in the yield, 
in the absence of the blight, is due to the stimulation of growth that 
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results from the spraying with Bordeaux. This effect has been noticed 
for many years in other places. 

Since potatoes usually are sprayed for bugs, it would be well to 
use Bordeaux mixture with the poison and to make one or two spray- 
ings. 

Fertilizer tests with potatoes were made upon a plot of land that 
was very uniform and had been handled in a uniform way for a num- 
ber of years. The plots were one-quarter of an acre each. 

In 1907, the field grew a heavy crop of clover which was turned under; 
in i908 it produced tomatoes and in 1909 corn. The planting, cultivating 
and spraying was uniform for all plots. 

The fertilizers used consisted of two ‘home mixed” lots which will 
be designated “A” and “B” and a complete commercial brand which 
will be designated “C.” The “home mixed” lots were made up to give 
four per cent nitrogen, (in “A” 11% per cent from the nitrate of soda and 
214 per cent from the dried blood), seven per cent phosphoric acid and 
ten per cent potash. The complete commercial brand contained 1.65 
per cent nitrogen, 8 per cent phosphoric acid and 10 per cent potash. 

“A” was made up as follows: 


194 pounds nitrate of soda, at $54.30 per ton.............. $5.27 
eo, pounds. dried) blood, ab. $52.20) POP LOM a. 35 cis = 6 c:ersne or eneuens 9.32 

1,000 pounds acid phosphate, at $12.00 per ton .............. 6.00 
400 pounds sulphate of potash, at $49.00 per ton ........... 9.80 
21S) GPOXOAEN AVG KS hh 1 ILS eh nA ae a CR BR oe rR RE A a Na fede A 


$30.3! 


“B” was made up as follows: 


570 pounds dried blood, at $52.00 per ton ................. $14 .82 
1,000 pounds acid phosphate, at 12.00 per ton............... 6.00 
400 pounds sulphate of potash, at 49.00 per ton ............ 9.89 

ere) MPVOUENCES NTL Tene ions Cha taye ial epeosts ere cuhi.rai iets cole leap rebar Sie et okels onetl ae 
$30.62 


“CO” was a “complete” potato fertilizer costing $31.50 per ton. At 
digging time the potatoes were sorted into marketable tubers and 
“culls.” The yields given are for the marketable tubers only. 


Plot 1—500 pounds “A” per acre cost $7.60, yield 205 bu. 52 pounds. 
Plot 2—1,000 pounds “A” per acre, cost $15.20, yield 212 bu. 20 pounds. 
Plot 3—Check, not fertilized, yield 152 bu. 

Plot 4—500 pounds of “B” per acre, cost $7.65, yield 155 bu. 44 pounds. 
Plot 5—1,000 pounds of “B” per acre, cost $15.30, yield 200 bu. 48 

pounds. 

Plot 6—500 pounds “C” per acre, cost $7.7114, yield 151 bu. 48 pounds. 
Plot 7—1,000 pounds “C” per acre, cost $15.75, yield 173 bu. 
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This test indicated that the “home mixed” fertilizer designated as “A,” 
used at the rate of 500 pounds per acre was the most economical and 
its use paid in comparison with land not fertilized. 

Spraying tests on orchard fruits are being continued. The object is 
to determine the comparative value of the self-boiled lime-sulphur mix- 
ture, the dilute boiled lime-sulphur and the Bordeaux mixture on apple, 
cherry, plum and peach. These tests are being made at South Haven 
and at Hart. 

The strawberry crosses made several seasons ago, were again fruited 
and careful notes secured. Several kinds appear to be of value but 
further testing is, of course, necessary. 

Several experiments are in progress but from the nature of the work, 
it is not possible to make even a preliminary report as to results. 

Respectfully submitted, 
H. J. EUSTACE, 
Horticulturist. 
Hast Lansing, Mich., June 30, 1911. 


REPORT OF THE SOUTH HAVEN SUB-STATION. 


To H. J. Hustace, Horticulturist, East Lansing, Michigan: 

Sir:—I herewith make a brief report of the work done at the South 
Haven sub-station for the year ending June 30, 1911. 

Variety tests of strawberries have been discontinued because the soil 
on the station property is not at all desirable for strawberry culture. 
This variety testing required considerable time which has been used 
in making spraying tests on fruit trees, and study and obseryation of 
lime and sulphur for spraying purposes. 

Extensive tests of the comparative value of Bordeaux mixture, self- 
boiled lime and sulphur and the commercial diluted lime and sulphur 
on apple, peach, pear, plum and cherry trees were planned in the spring 
of 1910, but a failure of the fruit crop resulted in abandoning them. 
Similar tests were started this spring (1911). Plans are made for ob- 
servation of the codling moth. Fruit growers will be notified of the 
best time to spray for both broods. It is believed that the work will be 
of great benefit to the fruit growers of this section and greatly appre- 
ciated by them. 

There is a great need for better opportunities to do field experimental 
work. The station orchards are not at all suited for good tests as there 
are sO many varieties and only a few trees of each. These varieties have 
been reported year after year and it does not seem wise to continue it. 
If the money spent on the care of these varieties could be spent for 
field experiments, it is believed the results would be of much more 
economic value. 

A large amount of the time of the superintendent has to be given to 
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the general care of the orchards and disposing of the fruit. Heavy de- 
mands of time are also made by fruit growers of the vicinity for ad- 
vice on spraying and other work of almost every kind. This time is 
always cheerfully given for this work. Among the recént troubles that 
have been important enough to demand attention, are the green fruit 
worm, fruit tree bark beetle, New York weevil, tarnished plant bug, 
cottony maple scale, winter injury of the peach and the Chermes seale on 
the white pine. 

Among the new or little known varieties of apples, the following 
produced good crops: 


Arctic. Fameuse Sucre 
Akin. Fulton. 
Arkansas Beauty. Hamilton Black. 
Beauty of Bath. Horse. 

Black Annette. Springdale. 
Dudley. Spencer. 
Douglas Seedling. Winter Banana. 


These varieties have been described in previous station reports. 

Special mention should be made of the Winter Banana. We have 
grown a number of crops of this variety. The crop last fall was especi- 
ally fine, possibly due to the sprayings with lime and sulphur instead of 
Bordeaux mixture. The fruit grown here compared very favorably with 
specimens from western states on exhibition at the land show in Chicago 
last November. Western growers complain that it is difficult to pick 
without bruising. At the time for picking here, the fruit is firm and 
does not bruise easily. Our experience leads us to believe it to be a 
variety that should be growing in Michigan. 

The Fameuse Sucre or Sweet Snow is the handsomest and_ best 
quality apple we have on trial. It is as large as a good sized Snow 
apple, the flavor is better than the Snow, the color is almost entirely a 
dark glossy red which is brought into attractive contrast with its white, 
crisp, juicy flesh. It does not scab as badly as the Snow, and ripens at 
the same time. If placed in cold storage immediately after picking, it 
would be prime for the Christmas trade. 

To make an extensive test of the lime and sulphur as a summer spray, 
it was used entirely in the general spraying instead of the usual 
Bordeaux mixture. A concentrated commercial article was used at the 
rate of one gallon to forty-nine gallons of water to which was added 
two pounds of arsenate of lead. The result of using this on some four 
hundred varieties of fruits, both tree and small except strawberries, was 
satisfactory. Scab on the Flemish Beauty pear and rot on the Victoria 
plum, which were never well prevented by Bordeaux mixture, were al- 
most entirely controlled this season by lime and sulphur. 

The black rot of the grapes was not well controlled by spraying with 
lime and sulphur nor was the foilage healthy. 

The color of fruit sprayed with limesulphur is better than that 
sprayed with Bordeaux. Probably because the lime and sulphur does not 
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cover the fruit as thickly as Bordeaux mixture does. It can be used 
nearer to the picking time than can Bordeaux and not show staining. 
This advantage makes it valuable when a late spraying of plums for 
rot is desirable. Used at the rate of one gallon to seventy-four of water 
was satisfactory in preventing rot on plums. 

Injury to pear foilage is sometimes reported where lime and sulphur 
is used at the rate of 1 to 33 or 40. In our own spraying there was a 
slight burning from the use of a home-made concentrated lime and 
sulphur testing 30 degrees Beaume used 1 to 35. Upon investigation, 
it was found that the cap in the spray nozzle had worn large from previ- 
ous sprayings and this threw a spray that was too heavy. Other cases 
of reported burning, when examined into invariably result in showing 
that the spray rod is held too long in one place or in turning at the 
end of a row the tree is sprayed too much. 

Drenching the leaves with lime and sulphur when used as a fungicide 
at the strength of 1 to 33 or 40 is not advisable. However, probably 
1 to 50 should be used on pears. 

Peaches and Japanese plums which are very seriously injured by 
spraying with Bordeaux mixture, even when used as weak as 114 pounds 
of copper sulphate and 8 pounds of lime to 50 gallons of water were 
sprayed with lime and sulphur testing 33 degrees Beaume at the strength 
of 1 gallon to 49 gallons of water without injury in 1910 and 1911. 
Reports from other states indicate injury from the strength of 1 to 
99 gallons of water. New Jersey experiment station (Bulletin 256) 
reports injury from a strength of 1 to 100. One local fruit grower 
who was misinformed, spraved peach trees about three weeks after the 
blossoms dropped with lime and sulphur 1 to 40 strength and did not 
have the slightest injury. 

Since there is such wide differences in the burning of peach foliage, 
sprayed with lime and sulphur of the same strength, it is apparent that 
there is something aside from the proportions of materials used, to 
cause the differences. These may be weather conditions, climate or 
the method of application. 

During the past three seasons, we have been using the lime and 
sulphur “(33 degrees Beaume) 1 to 10 applied just before the blossoms 
opened with the idea of making the one spraying take the place of the 
one usually made earlier for scale and the usual one at that time of 
3ordeaux mixture for fungus troubles. In 1910 and 1911 all the tree 
fruits in the station ore chard were sprayed this way. Only slight burn- 
ings were noticed where the trees were too heavily sprayed. At the 
time of this spraying, the leaves and buds have a natural protection 
that seems to prevent burning that would occur later. From our re- 
sults and those of fruit growers in the vicinity, this system is very 
promising. 

Respectfully submitted, 
KF. W. WILKEN, 
Superintendent. 
South Haven, Mich., June 30, 1911. 
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REPORT OF THE BOTANIST. 


Director R. S. Shaw: 

Sir: I submit herewith, the following report of the work of the 
Botanical Division for the year ending June 30, 1911. 

The positions provided for by the action of the Station Council a 
year ago namely Research Assistant in Plant Physiology and Research 
Assistant in Plant Pathology were not filled until respectively Novem- 
ber, 1910 and January, 1911. A large part of the time of the two men 
for the first two or three months, was devoted to planning for the 
laboratory and arranging for the purchase of proper apparatus. The 
quarters occupied by them first, namely the northeast room on the 
second floor of the old part of the Botanical Building, proving too 
small, room 16 and the adjoining office in the new part of the build- 
ing were assigned for the use of the botanical division. These rooms 
have been fitted with gas and electrical connections and the apparatus 
has been set up in them and much of it is now in use although some is 
of so recent arrival that it has not yet been set up. Owing to the de- 
lay in the arrival of apparatus and interference with work due to 
the removal of the office, there are no results of importance to report 
from the work of either of the men. Prof. Coons has made one or two 
trips to different parts of the state in connection with the investiga- 
tions of canker disease on apple and peach and has been busily occu- 
pied with answering correspondence with regard to plant diseases. Dr. 
3rown has been planning his work and getting under way certain ex- 
periments on some problems of soil physiology of plants. 

The examination of seed samples in accordance with the provisions 
of the pure seed law has been put under my direction and has required 
a considerable part of my time. The seeds were collected by a special seed 
inspector and were examined by students who had been trained in the 
study of weed seeds, Mr. Mancel T. Munn having charge of the work 
of the students. A report on the results of the tests will be issued 
this summer. 

Respectfully submitted, 
ERNST A. BESSEY, 
s Botanist. 

East Lansing, Mich., June 30, 1911. 


188 STATE BOARD OF AGRICULTURE. 


REPORT OF THE ENTOMOLOGIST. 


Director R. 8S. Shaw: 

Dear Sir:—Following is a brief report of the work of the Division 
of Entomology for the year ending June 30, 1911. 

The season, thus far, has been made notable by a very bad invasion of 
cutworms, and by plant lice in the orchards. Three species attacked 
the opening buds and threatened grave injury but two of these species 
migrated to other hosts and parasites seem to have taken care of the 
third species, (the rosy apple louse). Tussock moths and rose-chafers 
are more abundant than usual but agriculturists are becoming better 
acquainted with their control now than in the past. Wire-worms are 
making some trouble and the cottony maple scale is just now becoming 
a prominent pest. 

The writer has been unable to make much progress in his study of 
insect diseases owing to press of other duties and also to difficulty with 
the eyes, due to long continued work of this sort. 

Many species of insects have been bred and determined in connection 
with the complaints which are constantly coming in, complaints about 
pests and supposedly noxious insects. Correspondence in relation to 
such cases seems to be greater than ever before and replies to inquiries 
now demand quite an appreciable effort in giving advice. 

During the late winter a revised edition of the Spray and Practice 
Outline was prepared by Prof. Eustace and the writer, and published 
as Special Bulletin 54, and some few field experiments in spraying are 
being carried on jointly by the departments of horticulture and entom- 
ology. 

Dr. Geo. D. Shafer has just prepared a bulletin on the first part of 
his problem, “How do Contact Insecticides Kill Insects.” 

For several years past the writer has been making special efforts 
to find some effective measures for the control of the tamarack saw- 
fly, (Lygaeonematus erichsomii) an imported insect that has caused 
the loss of a large part of the larches and tamaracks in the United States 
and Canada. 

Recently, at a great expense and after several trials a parasite has been 
imported from England by Dr. C. Gordog Hewitt, Dominion Entom- 
ologist of Ottawa, Canada, and he, through our National Bureau of 
Entomology, has generously supplied us with part of his material for 
trial in Michigan. 

In order to successfully introduce parasites of this type, it is nec- 
essary to bring them to maturity from the pupal stage in which they 
pass the winter, at just the right time, so that they may lay their eggs in 
the young caterpillars of the sawflies in the forest. They must be placed 
where they can mate and then be liberated, without turning loose any of 
the parasites of the parasites which would render nugative the entire 
work if allowed to do so. 
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In order to insure so far as possible the successful liberation of these 
beneficial insects, a screened-in cage enclosing two larch trees in the 
nursery, was built and the parasites which first emerged were turned 
into this. Later when the northern sawfly started work the parasite 
material was moved to the Upper Peninsula and specimens liberated 
there. It is hoped that the parasites may gain a foothold and in time 
make it possible to once more grow tamaracks in northern Michigan. 

Respectfully submitted, 
|i ieee Ud Bed 2 Led MU 


Entomologist. 
Kast Lansing, Mich., June 30, 1911. 


REPORT OF SOIL PHYSICIST. 


Director R. S. Shaw, College: 

Dear Sir:—My annual report for the year just closing is not so 
large as I had hoped a year ago that it might be. Over a year ago 
I was authorized to procure a research assistant for this department. 
The agreement was closed by which we were to procure a very excellent 
man for the place but a variety of circumstances made it impossible 
for him to take up the work. Later we procured the services of Mr. 
George J. Bouyoucos. At the time we procured his services, Mr. 
Bouyoucos was a student at Cornell University working for his doctors 
degree. He was unable to take up the work with us until his work at 
the university was completed. He took up his duties on the 20th of 
June. This delay in procuring a research assistant has interferred very 
largely with the work of this department as planned a year ago. We 
are looking forward, however, with much hope to the year that is 
before us. Some of the research work planned has been done however, 
and while not a sufficient amount to warrant the publishing of results, 
they are none the less valuable. 

This department has cooperated in the soils survey work in Roscom- 
mon county. A number of mechanical analyses have been made of 
the various types of soil found in the county. The results of these 
analyses will appear in Mr. Raven’s report. The work of analyses has 
been done quite largely under Mr. Spurway’s direction. Mr. Spurway 
has also given attention to lines of work under the Hatch fund de 
scribed a year ago. 

Respectfully submitted, 
JOS. A. JEFFERY, 
Soil Physicist. 
Fast Lansing, Mich., June 30, 1911. 
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REPORT OF FARM CROPS EXPERIMENTS. 


Director R. S. Shaw: 
I have the honor to submit the following report of the Division of 
Farm Crops for the year ending June 30th, 1911. 


CROP IMPROVEMENT. 


The crop improvement work has been carried on along the same lines 
of previous years. The present Season’s work promises on the whole a 
more satisfactory comparison of the different varieties and strains than 
those of preceding years. It is gratifying to report that this work has 
now been carried on for several years and sufficient data accumulated 
to enable a choice of some of the better strains for distribution over 
the state. A few of these have already been distributed in a small way 
and seed is available from increase plots on the station grounds for 
further distribution. The extent of the plant breeding investigations 
carried on by the experiment station is shown by the following report 
by Mr. F. A. Spragg, research assistant in plant breeding, who has 
had immediate charge of this work. 

The work of developing new high-producing varieties, that have de- 
scended from single seeds and have been increased and tested out in 
variety series, has been outlined in past years and is being continued. 
The work with soy beans, cowpeas, timothy, and clover is being con- 
tinued as reported last year. A large number of select clovers were set 
out in new nursery this spring. 

The plan has been to leave the work of developing new varieties, 
by artificial crossbreeding, largely in the background until the work 
of finding and testing out of high-producing lines indicates valuable 
strains to be used as parents of our new varieties. Some of the strains 
of oats were started by Prof. J. A. Jeffery in 1900, and are now well 
studied. The best of these have been crossed this year to see whether 
it be possible to obtain more valuable sorts. We are also attempting 
some hybridization between the different species of Trifolium, Medicago 
and some of the other genera of the legumes. The reason for this is the 
fact that some of the types of clovers and alfalfas that are not in them- 
selves high producers are very hardy and resistant to disease. It is 
hoped that a cross between these and high-producing types will enable 
us to find more desirable varieties. 

Wheat.—There are 248 plots of wheat. Of these 75 are larger yield 
plots; 65 are smaller yield plots; 13 are small increase plots; 35 are 
head-row plots; 42 are plant-row plots, and 18 are selection plots. 

Oats.—There are 323 plots of oats. Of these 3 are large increase; 
80 are larger vield plots: 35 are smaller yield plots; 191 are plant-row 
plots, and 14 selection plots. 

Barley.—-Hight plant-row plots of winter barleys were started last 
fall. Three of these strains stood the winter with no winter-killing 
so far as can be observed. The remaining five lots were more or less 
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injured. Two or three of these will probably be dropped for this rea- 
son. The others will go on to variety series. 

In the spring barleys we have 66 plant-row plots, selected last year, 
mostly from among foreign lots. The remainder of the work is as 
reported before. 

Rye—We have four strains of winter rye in plant-row plots this 
year that appear to be much superior to the common run of ryes in 
the state. They enter the variety series along with the common rye 
this fall. 

Field Beans.—The work with beans has been increased by including 
a number of new varieties into the variety series. 

Alfalfa.—During the winter quite a number of small lots of station 
grown alfalfa seed were sent out to farmers of the state, who wished a 
start from Michigan seed-producing strains. These lots of seed came 
from select mother plants. 

A small variety series of alfalfa was started this spring. Some of 
this work also is being undertaken by farmers over the state. In 
time the work will furnish Michigan her own alfalfa seed. 


SOIL FERTILITY UXPERIMENTS. 


The Davenport fertility and rotation experiment was discontinued 
last year and a summary of same appears later in this report. 

The new fertility and rotation experiment in Field 9 has been car- 
ried out as previously planned. This experiment includes the study 
of several three-year rotations, continuous cropping of certain crops 
and the use of several grades of fertilizers and manures. Each rota- 
tion is triplicated so that all of the crops are planted each year. While 
it is agreed that the fertility questioned is largely a local one, it is 
hoped that this experiment will at least point the way as to what should 
be tried in other sections and help to demonstrate certain fundamental 
principles to students and college visitors. 


EXTENSION WORK. 


Last season was quite unfavorable for the variety tests of corn planted 
by the experiment station and two of these were abandoned before ma- 
turity of the crop. The other three tests were harvested, one of them 
making a satisfactory test and the other two only fairly so. This ex- 
periment is being continued this season with a smaller number of 
varieties, including some of the best from last years trials and a few 
additional ones. 

The efforts of the department in extension work have been devoted 
mainly to the introduction of alfalfa. Some time was devoted to this 
work during the summer and fall of 1910 and since March 28th, 1911, 
the farm crops field agent has been continually engaged at it. This 
work has been facilitated by the organizations of alfalfa clubs of ten 
or more members, each of whom agrees to grow an acre or more of 
alfalfa. The college representative holds an evening conference with 
the members if feasible, then drives to the different farms the next one 
or two days, assisting the farmer in picking out suitable fields and 
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giving necessary instruction for planting, etc. Up to the present time 66 
clubs have been organized 11 of which are in the Upper Peninsula and 
55 in the Lower Peninsula. Of those in the Lower Peninsula, all have 
been visited except three. Those in the upper Peninsula have been 
turned over to the superintendent of the branch experiment station, at 
Chatham. The interest manifested in this work by the farmer has been 
very gratifying. It also offers one of the best means of meeting the 
farmer with the least expenditures of time and money. 

The seed distribution has grown somewhat from that of previous years. 
This work will doubtless be facilitated by the Michigan Experiment 
Association, which was organized January 17th, 1911, and whose ob- 
jects are stated below: “The objects of this association shall be to 
promote the agricultural interests of state: fe 

1. By carrying on experiments and investigations beneficial to those 
interested in progressive agriculture. 

2. By the organization of farmers in a united effort toward the study 
of local agricultural problems. 

3. By the distribution of improved seeds and the gathering of data 
in regard to the adaption of same to conditions in various sections of 
the state. 

4. By the holding of farmers’ meetings and exhibitions of farm prod- 
ucts and by the desemination of scientific knowledge as applied to 
Michigan agriculture through such other means as may be most efficient. 

Other lines of extension work such as assisting at corn shows, fairs, 
farmers’ institutes, agricultural trains ete., have continued about as 
last year. 


The following paper on “Methods of Keeping Crop Records at the 
Michigan Experiment Station’? was prepared by Mr. F. A. Spragg and 
read before the American Society of Agromony in November, 1910. 
It will give a good idea of the methods used in the development of 
better strains of the various farm crops at the experiment station and 
should be of special interest to those engaged in plant breeding. 
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METHOD OF KEEPING CROP RECORDS AT THE MICHIGAN 
STATION. 


In appearing before you on the subject, The Keeping of Crop Records 
at the Michigan Station, my object is to outline the general plan and 
give some reasons why our methods came into use. As you are workers 
in this field, you will recognize that any fit system will be applied to 
new uses and change somewhat in detail as time goes on. Our system 
is composite in origin, but the aim is to outline only such methods 
as have established themselves. In case the steps are not clear, the 
author would be pleased to answer questions, and would also be 
pleased to hear why any point may not be workable in another state. 


REGISTER, PLANT AND PROGENY NUMBER. 


The numbers that are being used in listing the various plots of a 
season, in showing their relationship, in giving individual numbers to 
our various selections and in tracing a pedigreed strain throughout 
its final yield and quality testing, are all members of the same system. 

Our register number consists of three parts; viz., the date, plot num- 
ber, and selected plant number. Before selections are made, the last 
two figures are zeroes. In this form it stands for the whole plot. For 
example, 84700 stands for the forty-seventh plot of 1908. 84715 is a 
single plant. It is the fifteenth selection from the above plot. If the 
selections are ears of corn to be analyzed and later planted, these num- 
bers may follow the ears through the laboratory back to the field, and 
the good thing about it is that they indicate the origin at all times. 

Each crop has a separate series of register numbers. Some workers 
are using a separate series for each variety. We have found our ac- 
cessions to be mixtures, and that several of them may contain the 
same elementary species or strain. Thus the ordinary varieties overlap, 
but all of them may be included under the head of the crop. Each 
crop has a new set of elements and new problems. There is no reason 
therefore for including more than one crop in a series. However, we 
must have the name of the crop as well as the number when any ques- 
tion is asked concerning one of our pedigreed strains. 

Whenever a select plant becomes the mother of a promising strain, 
the individual plant number, becomes the strain number. For example, 
we have a cowpea 60901. (Fig. 1 shows an increase plot of this, sum- 
mer, 1909.) As can be seen, this strain sprang from the first selected 
plant of the ninth plot of 1906. Wheat 016600, or the 166th wheat plot 
of 1910, was a member of a twentieth acre series, shown in Fig. 13, 
and originated in a single plant (wheat 61202) the second selection from 
the twelfth plat of 1906. In our wheat register, the two members fol- 
low each other on the same line. The one stands for the current year 
and the other indicates the pedigree. 

25 
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With perennial plants, the date in the register number refers to the 
year that the plot was started from seed. Alfalfa 90800 is the eighth 
row or plot in a series started in 1909. 


CENTGENER OR PROGENY. 


We make no distinction in meaning between the words centgener and 
progeny. It may be any number of plants produced as the direct descent 
of a single plant. These plots are planted in blocks or in rows as the 
problem at hand seems best to be served. Selection plots in their first 
year are called beds. This is the starting point from which individual 
plants are selected to become mothers of centgeners or progenies. 


BASIS OF SELECTION. 


The individual plant is the basis upon which all the work is done. 
In the case of small grains, the threshing machine has carried its gifts 
around until the commercial variety means little. The testing out of 
these mixtures can give only general ideas. When we have enough seed 
of lots that have descended from single plants to plant our variety 
series, we begin to get results. Those showing poor quality or yield are 
discarded. If we have done nothing more than to pick out the highest 
producing strain in one of these commercial varieties, the yield has 
been increased several bushels. Hybridization is being left largely in 
the background until the work of finding and testing of high produc- 
ing strains indicates valuable material to work on. We know how a 
small grain hybrid will break up often for generations, especially if the 
crossing has been complex. In the case of cross-fertilized plants, we 
deal with hybrids from the outset. 

In working with alfalfa and clover for the past four years, where 
thousands of individual plants have been studied in the nurseries, the 
writer has been convinced that the problem of producing pure strains 
is a difficult one. If we had the original corn from which man has selected 
the corns of today, or if we had all the varieties of dent, sweet, pop, 
flint, and pod corns not only mixed together but completely inter- 
crossed, in the same field we would have a corn condition that would 
approximate the ordinary red clover of today. It is hoped that by 
passing our strains through a long series of individual plant selections, 
discarding the undesirable and unproductive of each generation, and 
planting only the best, we can in time obtain a clover as uniform in char- 
acter as some of the better varieties of corn today. 


NOTE BOOKS—RECORD SHEETS. 


We use the standard letter size paper (8% by 11 inches) in all 
our note books. The sheets have two holes near one side to fit the Welch 
covers. This makes them adaptable to all the varying needs of the 
often strenuous note-taking day. Portions of a number of records can 
be taken to the field under one cover. Index fobs on extra sheets may 
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be arranged to enable one to find the subjects easily. Blank sheets 
can be sandwiched into the records at any point. And, if there is a 
rush job on, this system allows one register to be divided into two, at 
any point, allowing two classes of notes to be taken at the same time, 
by different persons or groups. 

The horizontal lines on the two sides of a record sheet are exactly 
opposite. This causes a line on one page to fit that of the next page, 
and allow a record to continue there. 


ACCESSION NuMBER Book. Fics. 2 Anp 3.* 


When a lot of seed is received, it is given an accession number. Each 
Class of plants receives a separate series of accession numbers. In 
other words, each crop has a number book. The same blank is used for 
all of the crops, the name of the crop being filled in at the top. The 
two sides of the sheet are printed with columns to suit the opposite 
pages. The headings are: number, variety, source, date received, amount 
received, date entering nursery, and remarks. 

Hybrids produced at the station receive a new number when they 
enter the nursery. In this case, the variety column shows the num- 
bers of the parents, written as a common fraction. The number of the 
dam becomes the denominator. 


MICHIGAN NUMBER BOOK. 


Individual plant number and strain number have already been ex- 
plained. These follow the seed as long as it remains at the station. 
We have also used them in sending small quantities of seed to farmers. 
A pedigreed strain can seldom be called by any existing name, and 
our strain number is large and apt to be forgotten by farmers. There- 
fore, as soon as quantities of these new productions are to be distributed, 
we plan to send them out under a new series of numbers, called Mich- 
igan numbers. These will differ from the accession numbers in that the 
seeds descend from individual plants at the station. 


Reeisters. (Fics. 4, 5, 6, 7 anv 8.) * 


Each crop has a register suited with columns to its needs. In gen- 
eral, the opposite pages are used for one record. Each line takes care 
of a plot. The columns on the left hand pages (Figs. 4 and 6) are suited 
to a description of the mother plant, and those on the right hand pages 
(Figs. 5 and 7) to the taking of notes on the progeny or increase plot. 
The first three columns are: register number, plant or strain num- 
ber, and accession number. Others vary with the crop in question. 
Where a quantity of blanks are needed, they are printed. Others are 
copied on the hectograph, or small quantities with carbon sheets. In- 
crease and variety series are entered on the same blanks as are used 


*For blank forms see pages 200-206 inclusive. 
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for the progenies and beds. The plot numbers run serially throughout 
all there groups of plots for a season. 

The register of an annual crop like oats (Figs. 4 and 5) is fully 
explained by the cuts. In the case of perennial crops like alfalfa the 
problem is more complex. It will be noticed that Fig. 7 is a narrower 
page than Fig. 6. It is on a short leaf that when allowed to rest on 
Fig. 6 will cover all the columns except the “Register No.” The second 
page of this short leaf is shown in Fig. 8. This is for the notes on the 
second year. (Summary.) <A second short leaf is used before we come 
to the full-sized page, (opposite of Fig. 6). This is for the records of 
the summary notes of the third and fourth years. Then we come to 
a full sized page used as a yearly-average comparison sheet. This is 
on the back of Fig. 6. 


INDIVIDUAL PLANT Recisters. Fics. 9 Anp 10.* 


With annual plants we have the whole story told in the growing plant. 
In. the case of perennials, we need to follow the performance of indi- 
vidual plants throughout their lifetime and average the results in 
making our final selections of hardy, healthy, vigorous mothers of the 
coming generation. The plants are set so as to form rows running at 
right angles to one another. The rows in one direction are progenies 
or beds, and are given plot numbers. The rows in the other direction 
take care of the plant numbers in each progeny. The plant numbers 
are designated on their row stakes as decimals, hundredths. In this 
system, 35.92 stands for the 92nd, plant in the 35th row. When selec- 
tions are made, this fits easily into our regular system, by prefixing 
the date that the nursery was set out, and omitting the decimal point. 
We have such a plant in an alfalfa nursery set out in 1909. If this 
plant should become a mother of a new strain, it would be designated as 
alfalfa 93592. 

The individual plant register has one or more pages given over to a 
progeny. The opposite pages are duplicates. At the top of the page 
is found the register number and the year that this particular crop is 
grown. Each iine on the page takes care of a plant. The columns take 
care of the various notes that are taken. When the season’s work is 
finished, summations of these plant records are made for each progeny 
and entered in the register of the crop in question (outlined above under 
head of “registers.”) This enables us to compare the progenies from 
year to year. The individual plant registers of the different years en- 
ables one to look up the performance of any plant in question. The 
records of the more promising individuals are brought together on a 
summary sheet for final comparison. 


NOTES. 


Midsummer is a busy note-taking season with little more time than 
enough to carry out carefully laid plans. The notes to be taken vary 
with the kind of crop. Special registers are made out in winter, and 


*For blank forms see pages 207-208. 
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the headings of these registers indicate the work to be done as the 
season advances. 

In the case of alfalfa and clover, we are taking individual plant yields 
of hay and seed, and intend to follow the most promising of these plants 
to the field variety series. (In the case of alfalfa we hope to have a 
1/100 acre series in 1911 where each plot has descended from a plant 
at the station.) In the case of the hay crop, each plant is tagged, cut 
and hung up on lines in the shade to dry. Later we get the dry weights 
on these plants. As no attempt was made to hang the plants in the 
order that they grew in the field, they are now considerably mixed. 
For this reason, a temporary record is made on a sheet of paper pinned 
to a small drawing board. The sheet is cross ruled so as to have as 
many lines as there are rows in the plot, and as many columns as there 
are plants in a row. A 'T-square enables one to find the proper places 
on the paper as fast as another can make the weights. From this sheet, 
the results are transferred to the register. 

Before the seed crop is ripe, a list of superior plants has been made 
out from the records. Those that also prove to be good seed producers 
and tagged and hung on lines near our special individual thresher. 
When dry and time presents itself, these are weighed and threshed. The 
seed is stored in envelopes, 3 by 5144 inches open at the end. We use 
this size in all of our work. The envelopes are stored in tin boxes 
away from, the mice. 

Because of the fact that we annually make thousands of small weigh- 
ings, we use a specially ordered spring dial scale. It weighs in grams 
from 2 to 800 with the pan on, or running up to 1,200 grams by taking 
off the pan. In the field this is hung on a tripod covered with a sheet 
to keep the wind from bothering. Indoors, the scale is often supported 
by a hook on the wires where plants are being weighed. 

(Fig. 12 illustrates the scale in operation in alfalfa nursery.) 


PLOTTING SYSTEM. 


The pian of the perennial nurseries has been giyen. In the small 
grains, the first year selection plots are also planted in rows intersect- 
ing at right angles with not more than one plant in a hill, five inches 
each way. In variety testing, the plots are always long and narrow. 
A check is placed in the series frequently, and if seed and space will 
permit, the series is duplicated. The soil may seem uniform and yet 
the checks will show considerable variation. (Fig. 13 shows a portion 
of two grain series.) The yields are corrected to a uniform basis on 
a piece of coordinate paper. (Fig. 14.) The vertical lines represent 
the various plots of a series. The horizontal lines stand for different 
yields. Only each fifth line is shown. Four lighter lines run between 
each pair. The yields of the plots are now represented by small crosses 
properly placed. Circles are placed around those that represent the 
yields of the check plots. Lines are drawn to connect those in cir- 
cles. This broken line gives the curve of soil fertility, as the check 
plots were planted with the same lot of seed. The adjacent vertical 
lines, (four between each of the heavier lines) represent the plots. 
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The adjacent horizontal lines represent pounds per plot. In selecting 
the land, we try to find a piece as nearly uniform as possible for this 
class of work to begin with. The accuracy of our scales, in weighing 
yields is usually half a pound. Therefore by using pound lines we 
can place a cross half way between two lines and proceed with as great 
accuracy as the scales. 

An average is taken of the various yields of the check plots, and a 
horizontal line is drawn to represent that average. Dots are made on 
the vertical plot lines having the same relation to the line of average 
check as the crosses have to the curve. If a cross is five pounds above 
the curve of soil fertility, the corresponding dot is placed five pounds 
above the line of average fertility. If a cross is below the curve, the 
dot is placed the same distance below the line of average check yield. 
When these dots have been properly placed on all the plot lines, those 
representing adjacent plots are connected by straight lines. This 
gives us the yield curve, where the question of soil fertility has been 
taken out of consideration. Averages can now be made between dupli- 
cate plots to still further eliminate error. Three or more of these yearly 
averages should be had to give us a fair comparison among the strains 
in question. 

(Fig. 15 illustrates the way the seed plots of cross-fertilized plants 
may be grouped.) 


STAKES AND LABELS. 


The stakes are two inches by one half-inch and two feet long. They 
are painted white freshly each year. The labels are plain white card 


LW PLAS 
/ / 


we 
6090 


Fig. 1. A field of pedigree cowpeas No. 60901, crop 1909. 
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board, cut two by three inches. Waterproof drawing ink is used in mak- 
ing them out. The labels are dipped in hot paraffine to protect them 
from the weather. They are placed in the envelopes with the seeds that 
they represent. We try to know just where each plot is to go and the 
space it is to occupy before spring opens. We pick up an envelope of 
seed, and with it_the label to be tacked on a stake. The stake follows the 
crop to the thresher and the label is placed in the top of the sack of seed. 
A tag with the same information is tied outside. 
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Fig. 11. Notetaking on centgener wheats, July, 1909. 


Fig. 12. Spring dial scale. Obtaining green weights of individual alfalfa plants, June, 1909. 
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Fig. 13. Series of 1/100 acre wheat plots in foreground, and 1/20 acre oat series in 
background. Mostly from individual plants of 1906. Crop of 1909. 
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Hig sl5. 


A REPORT ON THE DAVENPORT ROTATION AND FERTILITY 
EXPERIMENT. 


In 1890, at the request of Eugene Davenport, then Professor of Agri- 
culture, the State Board of Agriculture appropriated $1,000 for drain- 
ing and platting a series of plots for this experiment on the north side of 
field 5 or directly east of the present site of the coilege barns. 

During the first five years of the experiment, 1891 to 1896, all the 
plots were devoted to uniform cropping as a means of comparing the 
fertility of the several plots. Then for ten years, 1896 to 1905 inclusive, 
the plots were planted in different rotations of crops or received differ- 
ent application of fertilizers and manure. After this ten year period, the 
plots were planted in the same crops for five years, 1906 to 1910, but the 
barley which was seeded in 1909 failed of a crop, because of a severe 
attack of nematodes and the clover seeded in the spring of 1910 failed 
to make a satisfactory stand. The small grain crops grown 1906 to 
1908, however, would seem to give a fair comparison of the fertility 
of the several plots and are used for this purpose in this report. 

Oats were grown in 1891,’92-94"95 and wheat in 1893. Table I gives 
the annual and total yields of the several plots and will furnish some 
idea as to the relative fertility of the several plots when seeded. to 
small grain, mostly oats. While the yields vary considerably, the totals, 
with one or two exceptions, do not vary more than would be expected 
on a Michigan soil of glaciated origin. 


TABLE I.—Yield per acre of plote in uniform cropping from 1891 to 1895. 


EXPERIMENT STATION 


1891, 


Plot numbers. oats. 


1892, 
oats. 


Pounds, | Pounds. 


1480 
1570 
1490 
1390 
1710 
1840 
1640 
1800 
1740 
1830 
1720 
1700 
1520 
1740 

910 
1120 
1330 
1290 
1260 
1270 
1310 


1893, 
wheat. 


Pounds, 
1310 
1630 
1190 
1160 
1610 
1130 
1370 
1100 
1300 
1300 
1260 
1010 
1050 
1200 

710 
1080 
1640 
1000 
1000 
1040 
1160 


REPORTS. 


1894, 
oats. 


1895, 
oats. 


Pounds. 
220 
320 
350 
270 
570 


1891 
to 
1895, 
total oats 
and 
wheat. 


Pounds. 


5550 


6660 
6160 
5540 


Below is given the cropping (1896-05) for those plots devoted to 
the study of the rotation of crops. 


Plot 
Plot 
Plot 
Plot 
Plot 


Plot 


Plot 
Plot 
Plot 
Plot 
Plot 
Plot 
Plot 
Plot 
Plot 


1—Wheat and clover. 
3—Wheat, clover and corn. 


5—Wheat, clover and potatoes. 


7—Wheat continuously. 


17—Beans continuously with rye seeding in fall and turned un- 


der in spring. 


19—Beans continuously with rye seeded in fall and turned 


under in spring. 
21—Corn continuously. 


23—Orchard grass, continuously. 
25—Orchard grass, continuously. 


27—Corn continuously. 

29—Fallow continuously. 
31—Fallow continuously. 
34—Clover continuously. 
36—Wheat continuously. 
60—Wheat continuously. 
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Plot 62—Wheat, clover and potatoes. 
Plot 64—Wheat, clover and corn. 
Plot 66—Wheat and clover. 


Plot 68—Wheat continuously. 
Plot 72—Clover continuously. 


Table II gives such data in regard to yields of these 
1905) as is available. 


plots (1896 to 


TABLE II.—yYield per acre of plots in rotation of crops from 1896 to 1905. 


1896. 1897. 1898. 1899. 1900. 
Plot 
Nos 
Pounds. Pounds. Pounds. Pounds. Pounds. 

Lae | OWiheatin.cs<%s 102 | Clover....... 4970 | Wheat......- JAGOR | Gloversscersrs| |e Wiheateaecces 1350 

eee eWiheatats..rec,. 1A Cloverter. cn. 5200 | Corn (green). .| 5450 eat. tiene 1170 | Clover....... 4460 
Gees heaton ener 240 | Clover....... 5090 | Potatoes.....}...-.- Wheaties 1040 | Clover....... 3300 

ieee \Wheatemee. TOs Wheaties oe 1940 | Wheat....... 1570) ||) Wheaties: 12200||\Wiheateaeere lene 
Pipes beans sn = = s,- = 1442 | Beans........ 1500 | Beans 200 SBeatse peer laeaece Bealiss neon leeecee 
19 ee |) DOADSe sec !\=- 1372 || Beans........- 1000 | Beans 360) ||mBeanst: secs |-ciceie: IBEATBaeacreal eeres 
PANS va|| (Ouse soeeoe OB00n|Gornmessr eee 3750s 7 Commeneeeces beers Cormiseeeeeee D700R Corner 2570 
23...| Orchard grass.|...... Orchard grass.) 3000 | Orchard grass.} 258 | Orchard grass.) 1750 | Orchard grass.| 2760 
25...| Orchard grass.|...... Orchard grass.| 3000 | Orchard grass.} 183 | Orchard grass.| 2250 | Orchard grass.| 3620 
heats OOTTING sive els 6085) Corea see eee 3860 OTD sh yaae oilers ORD ses ete 210) "Come? 22.2 - 3110 
DOr al Wa llowiepster:sicrallieeiamyers allowance | teen Rallowsacessaliveeests allows eecise| eects Fallows: cs-caleomenas 
lees |(pHallowscsaacee sere: - allows seme |sesae Wallowseecen lpr eree Hallowe cee =| toeeee allow secenelleoeeee 
Dae OlLOVOR ee ele 2240 | Clover....... 4000 | Clover....... 210) Gloverse cae Cloverze eer 2350 
SGher | Wheatecese.. 105 | Wheat....... 2050 | Wheat....... 185.) Wheateecscc- 920 | Wheat....... 617 
BO er aN Valea tami cteel SOM mWihheatee es cso |kisiceese WaWihes bets san tll operant Wheat. ....:-- 900 | Wheat....... 385 
G2ees| Wheat. occ... 2620 | Clover....... ALTO:.\; Potatoesiar <3 sacl Wheat......- 640 | Clover.....-- 1050 
Ga eroleWiheaten .-nre 3440 | Clover....... MevKI)4| (Clit. heen alioceeos Wiheatheence 612; |AClover..-co-ee 4100 
GGien|) Wiheatescn.-. 2300 |Clover....... 5670 | Wheat....... AUT OelGloversonniectleeeene Wheat.....:. 722 
6Sten| \Wwheatarecsey 157s lpWiheatesses ce: 1590 | Wheat....... 1980 | Wheat....... 540 | Wheat......- 487 
7 Vor ALA GY ee Soto laseeee Halloweere nero cee Fallow: Sevcrea. os ||/sheo os Hallowerercss lees Fallow... 22.2 ssl\onshiae 
W2ee| OlOVEr. .o-- 1 2740 | Clover......- 5110, | ‘Clover... ...: 2400 | Clover....... 2300 | Clover....... 3000 

1901. 1902. 1903. 1904. 1905. 
Pounds. Pounds. Pounds. Pounds Pounds 

Mloversc sacs al beeeas Wiest cies ete.sises 2095) |'(Cloversan cease 4300 | Wheat....... 1460 | Clover....... 3320 
Won seitec cae. 4020 | Wheat......... 1610 Clover= ..sescs: 184350) /.Gorne eee 3100 | Wheat....... 1160 
Potatoes.:....-. 5650 | Wheat. .......- 2100 | Clover......... 4600 | Potatoes..... 4690 ; Wheat....... 1225 
Wiheatince sasen nines Wihestt sess: ZOOIN| Winedtin acsearle’ Wheatitiasee 980 | Wheat....... 800 
Beange io-)scs esaltececice IBGatisinwanisccv 850!) | Beans jas..05-c16 490 | Beans........ 450 | Beans 210 
BG ANS ey asc15:sfelere cl yravarere Beans 1150) sBeangy.n. see 500 | Beans........ 480 | Beans........ 210 
Worntee ci asses es 1900) | Cormien. ssc 12003 | (Comite ssenan - 2190" Gorm. see 1730) Gombe mene 602 
Orchard grass. ...| 2150 | Orchard grass...| 1500 | Orchard grass...| 2230 | Orchard grass.| 2250 | Orchard grass.| 1640 
Orchard grass. ...| 2900 | Orchard grass...| 2150 | Orchard grass...| 2970 | Orchard grass.| 2330 | Orchard grass.| 2620 

OY Atlas. ays 2 ies 2950 OLN ace ee 2100" |WCommes serene se | 2740 OMMeee ae ots 3500 OLDS ace ee 322 
Bal OWatectss oc e% aller visere Hallows o:ce see (ches: allows. kisercleacane Mallow:s\eet fi] ese allows sveateni| eens 
allows sesm Aellteteanscce Mallow acscns cele cece Mallow sucoe vsolicn teas Mallow y..-ccer| sues Fallows, nccnleeone: 
Ola varte tes cess cliecettre Clovers*),.ccoene casas Glovers ifr cule ate Gloyerties os nl sintbnee Glover: sect elerees 
Wea bere biyist con o.s\|ttcvars Wiheaties oso) cee [$2 280))|| Wheat... . 0: | 1500 | Wheat....... 1200 | Wheat....... 68C 
WHER \aocccoeel SBeae Wheaten ec cnee MOO Wileatne sees see 1100 | Wheat....... 460 | Wheat....... 950 
Potatoes... ...... ASOOW  Wiheath icc as ons | 1070) |) Clover’ vs)... 2350 | Potatoes..... DLN Wheat =. ee 1340 

OYE ore cisie evoca vies 3200 |) Wheat......... 1965 | Clover......... 2650 OL eck ces 4250 | Wheat....... 2365 
Cloversas sscerd |e «< Wheat ir soos W275i) Olovernescccua 2800 | Wheat....... 1100 | Clover....... 2250 
Wiest gen cece. (tees WHEAGS. iene oma 1100 | Wheat......... 1290 | Wheat....... 750 | Wheat....... 690 
Ma lowin deca aiat|ls teeters Mallow ovinccess eae Ballows on ns.as|*eeaee Malloy itch, se<\|eowees Pallows-<-ceee ame : 
Clover s.2n ch ecaelixees lovers. «ee 4650") Clover. -s-ssetetse lle tein Clovert ig os ctilleanae Glovers: a= 4ltee ees 
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Table III gives the yields of corn 1906, oats 1907 and wheat 1908, 
after completion of the ten-year period of special cropping. 


TABLE III.—Yield per acre of plots in uniform cropping after ten years in rota- 
tion of crops. 


1906, 

1907, 1908 

: . F 1906. 1907, 1908, 2 2 
Plot numbers. Rotation during 10 year period. z z , total 

corn. oats. wheat. corn, oats 
and wheat. 

C Pounds. | Pounds. | Pounds. | Pounds. 
here le Reet aeeeees Wheatiandiclovers)..- cscs cient siwste site deaetores bees ee 4800 1000 1760 7560 
PGR AEE Wheatacloveriandicornarrac--istctretinaecc terres eke 4060 720 1650 6430 
LF cen RCE ec aere Wheat, clover and potatoes...........0.sesceeeeeees 5070 880 1600 7550 
Weeted a ahtae ay see ‘Wheat: continned’S cs. css con es coe sone Seed 3560 590 1110 5260 
IW fateennad es AAPA Ee Beans, continued, with rye@o.. cio sic siecis «seins e eireys = 5390 880 870 7140 
UN eae aren eee Beanssicontinveds withiryea.< oes c/o oreo ete sale 4720 770 980 6470 
DIE Soe ee Cornitcontimueds ote eaten oa eee eee ent 2340 860 1330 4530 
D8 A eae Orehardigrass:continued csc nee eine sane 5910 1070 2070 9050 
BINS oroe oireaetee Orchard grass, continued..............-.cceeeeeees- 5890 1250 2120 9260 
Pl Oo EROS U Oe AIRES Corn;ieontintied (east cafe siete -\s/2 ese clasts sto tlgister 3740 1120 2000 6860 
DO te sectnce <ae8 WAG W SS hae ere ne oe oe si toe cee bs eee 5100 950 1460 7510 
ST es as cee Wao Wwe by sisal cle so os ak bic Ste ol otele Been sine 5060 950 1900 7910 
By eS ae Ae Glovercontinued 450.2... 22cm canetaels Pore oose vase 4260 660 1800 6720 
SOEs. tae claaase Wihkeat; continued: djiserse bec cal doc clase teres 3490 550 1080 5120 
(CD che Ganon a eSee Wiheatsicontintiederr. cisely ns sectemene seems 4280 520 730 5530 
(YAS ee Cee Bees Potatoess wheat and: cloyersry.cteseciec <<a ele silos le 5380 640 1000 7020 
(1% bod oa a Corn wheat andclovers Sse. oc eee ax deesh lean eens 5770 950 1530 8050 
OBER et none Sone Wihteatand) clover iets ree castes crnctetea on aioe 5200 900 1270 7370 
OB ive vetccionesien See Wihes con tintied’=s tore aon ol onre cereman eters otha 4420 610 1110 6140 
MO pe te seeeilne. Halloween teins oe eae eine cane sein oa a erent 3590 740 1140 5470 
(Sc Scat pete ees Cloverncontinuedrija sent ne sole eas anisms 5020 850 1420 7290 


Table IV is compiled from Table III and gives the average yields 
of certain plots which had received the same treatment. 


TABLE IV.—Average yield per acre of duplicate plots planted in uniform crops, 
during 1906-07-08, after 10 years in rotation of crops. 


1906, 
1907, 1908 
: F * 1906, 1907 1908, 2 ; 
Plot numbers. Rotation during 10 year period. Z O 2 total 
corn oats. wheat contain 
and wheat. 
Pounds. | Pounds. | Pounds. | Pounds. 
andiO6.222- oe ee Wheattandtcloyersen. sce ten ot nae os See ene 5000 950 1510 ki 
ANOKA S cere on Wheats cloveriandicormmes cc seeescsen seoenicneeatien 4810 830 1590 7240 
ian 62 cee cn es Wheat, clover and potatoes.............0esecsccneee 5220 760 1300 7280 
T1004 O0:and'68 £2) gWheats contintieds. osc snclociernt Soacce staesictes soble 4314 575 1042 5597 
29, 31 and 70......-. Rallowscontinuied |: eric 7- etic eeepc nee corse eens 4335 845 1410 6590 


As the duplication of some of the treatments were on adjacent plots 
and some on plots varying in fertility and some distance from each 
other, it was not possible to include data from all the plots in the above 
table. 

In Table V (compiled from Table III) is given the yields from the 
various treatments in the first series of plots. 
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TABLE V.—Yield per acre of plots in first series, planted in uniform crops, during 
1906-07-08, after 10 years in rotation of crops. 


1906, 
1906, 1907, 1908, 1907, 1908, 


Plot numbers. Rotation during 10 year period. F total 

corn. oats. wheat. corn, oats 
and wheat. 

Pounds. | Pounds. | Pounds. | Pounds. 
Liss seiko cnc NWiteatrandcloverseyvceseeaecnl nce eerie none eee ee 4800 1000 1760 7560 
...| Wheat, clover and corn... . Aue shulatananese 4060 720 1650 6430 
Wheat cloversandpotatoess.oscs cere eines 5070 880 1600 7550 
Wiheatycontinuouslyncen- casas ences aa cere 3560 590 1110 5260 
Beans, continuously, with rye... ....0.-..2c22.sens 5050 820 820 6800 
va LN ee Semtonade Gormicontinuouslee een hone ee een eee eee 3040 990 1660 5690 
Oshandsop eee eas Orchard grass, continuously.............c0e.eceeess 5900 1160} 2090 9150 
OranGtol oeciteriona RallowAcontinilously.--eea eee ce eee eee teeE een 5080 950 1680 7710 


It is unfortunate that more data in reference to this experiment has 
not been preserved. Some difficulty was experienced in getting good 
stands of clover, the small grain plots were several times seriously at- 
tacked by sparrows and other circumstances tended to lessen the value 
of the experiment. The notes taken of the experiment were also very 
limited and in many cases the yields were not determined or were 
lost. It is therefore, not possible to state definitely in all cases the 
yields during the ten-year rotation period and to make a comparison of 
the different treatments on a profit and loss basis and to work out other 
data which should be very valuable in an experiment of such long stand- 
ing. 

However, in studying the preceding tables, it may be said that (not 
considering the immediate profit or loss from the various treatments) 
the data indicate that: 

(1) A wheat and clover rotation has a somewhat better effect upon 
the fertility of the soil than wheat, clover and corn, or wheat, clover 
and potatoes. The first mentioned rotation includes clover every second 
year or one-half the time and would be expected to have a better effect 
upon the fertility of the land than the other rotation mentioned in 
which there is clover every third year. However, the differences are 
not marked. Wheat, clover and potatoes have produced slightly better 
results than wheat, clover and corn. 

(2) That the above mentioned rotations in which clover appears give 
better results than when land is continuously cropped in wheat or corn, 
the plots which had been planted in wheat and clover having about 
one-third greater producing power than those which had been seeded con- 
tinuously to wheat or corn. 

(8) That beans grown each season with rye seeded in fall and turned 
under in spring as a green manure crop has a better effect on the 
fertility of the soil than growing corn continuously in this test increas- 
ing the production 21% above the corn plot. The bean plots also show 
an increase of 29% above the continuous wheat plot but by turning to 
Table I, it will be seen that Plot VII upon which this comparison was 
made did not possess the original fertility of the other plots. The 
planting of beans continuously with rye as a green manure crop while 
not as good as the clover rotations compares fairly well with them. 

(4) That continuous cropping in orchard grass tends to increase 
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the crop producing power of the soil in this instance showing an increase 
of 1814% over the next highest yield. and 21% over the wheat and clover 
rotation. This was doubtless due largely to dite heavy root system pro- 
duced which stored up considerable plant food in vegetable form, that 
hecome available again soon after breaking. The better physical condi- 
tion produced by the heavy sod doubtless “had much to do with the in- 
creased production. 

(5) While the plots in the first series which had been fallowed for 
10 years, produced more than any of the other plots of the series, ex- 
cept those which had been in orchard grass, when the averages of both 
series are considered, the yields are considerably lower than after the 
rotations including clover, the wheat and clover showing an increase of 
1.32% above the yield after the fallow. This possibly has been due to 
the manufacture during the summer season of available nitrates which 
have been washed from the soil since no crop was permitted on the plots 
to utilize them. 

In the second part of the experiment which was devoted to the test- 
ing of commercial fertilizers all the plots were planted in uniform crops 
from 1891 to 1898 evidently with the original idea of securing data for 
a preliminary comparison of the several plots. The cropping during 
this period and the yields from the several plots, which will give some 
idea of their relative fertility, are shown in Table VI. The only in- 
stance during the eight years in which the several plots seem to have 
been accorded a different treatment as in 1894 when commercial fertil- 
izers were applied as follows: Plot 2, 10 loads per acre of manure; 
plot 4, 100 pounds per acre of dissolved bone; plot 14, 100 pounds per 
acre of ground bone; plot 16, 50 pounds per acre of sulphate of ammonia ; 
plot 18, 100 pounds per acre of Homestead fertilizer; plot 20, nothing; 
plot 22, 100 pounds per acre of muriate of potash; plot 24, 95 pounds 
per acre of common salt; plot 26, 15 bushels per acre of wood ashes; 
plot 28, 100 pounds per acre of Lister’s Success fertilizer; plot 30, 100 
pounds per acre of nitrate of soda; plot 32, 50 pounds per acre of 
sulphate of ammonia. 

From 1899 to 1905 fertilizers were applied annually to the several 
plots as indicated in Table VII. The mixed commercial fertilizer at 
first used was a sugar beet special but this was later changed to another 
of the same analysis, viz.: Armour’s Fruit and Root © aL Special which 
has a guaranteed analysis as follows: Nitrogen, 1.65% ; available phos- 
phoric acid, 8.00%; potash, 5.00%. During the seven-year period in 
which the fertilizers were applied the plots were cropped lengthwise of 
the series or across all the plots, with various crops in narrow strips, 
varving from about 22 feet to 44 feet in width largely according to 
the number of strips. The available notes however do not indicate the 
order of planting of these strips, or in all cases the exact width so that 
it is impossible to determine the order of cropping of any portion of 
the series, or to determine the yield per acre of any of the crops, or 
to check up the data on a profit and loss basis. In Table IX is given the 
yield per acre from the several plots in uniform cropping during 1906, 
1907 and 1908, following the seven-year period during which the fertil 
izers were applied. Table X prepared by Director C. G. D. Smith ae 
the total amount of nitrogen, phosphoric acid, and potash remov ed i 
crops and applied in fertilize rs from 1899 to 1905 inclusive. 
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On account of the uncertainity as to the order of cropping and the 
lack of definite data as to size of the subdivisions of plots, the writer 
is unable to draw many practical conclusions from the above data, but 
the same is published in the hope that it will be of interest to others and 
also as a matter of record. 


TABLE VI.—Yield of plots in uniform cropping from 1891 to 1898. 


Plot numbers. 


1891, 
oats. 


1892, 
oats. 


Pounds.| Pounds. 
1240 350 
1310 1390 
1320 1480 
1330 1340 
1250 1420 
1350 1410 
1340 1380 
1400 1420 
1370 1420 
1330 1380 
1660 1350 
1250 1500 


1893, 
wheat. 


1894, 
wheat. 


1895, 1896, 
* wheat. 


.| Pounds .| Pounds. 


1300 


1897, 
clover. 


1898, 
clover. 


1891 to 1898, 
total. 


Grain. | Clover. 


.| Pounds .| Pounds. 


6630 10870 
5930 11410 
6750 11010 
6530 11100 
6040 12260 
5830 11500 
5490 11870 
5850 11920 
5650 11780. 
5390 11450 
6210 12330 
5320 11640 


*JIn 1895 the series was seeded to clover but a poor stand was secured and was broken up in July, and summer fallowed for 
the remainder of the summer and seeded to wheat in the fall. 
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TABLE VIII.—Total yields from fertilizer plots from. 1899 to 1905 inclusive. 


So o . 
A Fertilizer applied per acre annually during a i : g : a= z a 
iS seven year period, 1899 to 1905. oO $ E = ee) = s 5 
— ovo oO [o) — s s ~~ vo 
ey ea) A oO 1) Cees Si isa) 
{ 
Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs ; 
2) 20itonsistable:mantre: cov jceciee semecieee stone 4492 | 1046 | 567 | 600 25 48 146 164 
AS APA bsacid phosphates st cercic Ase. tes 2758 | 686 | 489 | 498 31 53°} 110) || 122 
14 | 120 lbs. nitrate of soda; 240 Ibs. acid phos- | 
WATER torr cece Aine ee ern EE: 3860 668 481 438 26 61 101 130 
16 | 120 lbs. nitrate of soda; 120\lbs. muriate of 
DOtashive saeco tee eee eae 728 | 458 | 437 28 53 | 110 | 138 
18 | 480 lbs. mixed commercial 661 | 464] 446 28 70 85 | 140 
AWN Ole ete ise rae eyes se croes ice cleretecse Sez 630 395 416 28 45 78 91 
22 | 120 lbs. muriate of potash 701 408 | 402 32 34 78 110 
24 | 120 lbs. nitrate of soda; 240 lbs. acid phos- . 
phate; 120 Ibs. muriate of potash........ 4237 | 794]! 523] 460 30 67 | 116} 122 
26 | 240 lbs. acid phosphate; 120 Ibs. muriate of 
OAS eer eens hte nas yer ines 3972,| 757} 515) 521 36 73 86 | 114 
28 | 240 Ibs. nitrate of soda; 240 lbs acid phos- 
phate; 120 Ibs. muriate of potash......... 4148 | 633 | 534 461 28 69 126 139 
SUL e120 bss nitrate of soda. cc -00. se se cee ms 3373 | 508 | 410] 396 31 48 | 103 | 107 
32 | 100 lbs. sulphate of ammonia; 240 lbs. acid 
phosphate; 120 lbs. muriate of potash.... . 3843 | 739 | 516] 554 30 (fay |p 105) 122 


127| 261 
83 | 291 
87 | 204 
o7 |e ae 
99 | 232 
73| 171 
so | 199 
95 | 265 
80} 189 

103 | 288 
85 | 209 
94} 174 


TABLE IX.—Yields per acre of plots in uniform cropping after seven annual 
applications of fertilizer. 


to 
o 


| 240 lbs. acid phosphate; 120 Ibs. muriate of potash....................- 


Fertilizer applied per acre annually during seven year period, 
1899 to 1905. 


AOONS StablevManures,. ecsteve es wad aero Ae Oe Ristets Sinaia er ere 

ibsaacidiphospliate se nn criscnc mmc ese ee te Cece ene eee 
120 lbs. nitrate of soda; 240 lbs. acid phosphate.....................-- 
120 Ibs. nitrate of soda; 120 Ibs. muriate of potash.................... 


120 lbstmimiaterol Potastli. 2.5 sao ek see eles cee ee De Be eee 
120 lbs nitrate of soda; 240 lbs. acid phosphate; 120 lbs. muriate of potash. 


240 lbs. nitrate of soda; 240 lbs. acid phosphate; 120 lbs. muriate of potash. 
L20ulbssnitratevousodaa. «oes serene ere ee eee 
100 re a of ammonia; 240 lbs. acid phosphate; 120 lbs. muriate of 

j000) 1 Ary RO Cin OO ADOT AO Acta pete eminent: “cts ae ciclhiscea cope a Lis 


1906, 


corn, 


Pounds. 
539 
461 
449 
502 


452 
383 
484 
536 


518 
462 
383 


520 


1908, 
wheat. 


Pounds. 
177 


135 
147 
154 


corn, oats 
and wheat. 


Pounds. 
842 
683 
693 
749 
756 
588 
748 
830 
761 
835 
628 
801 
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TABLE X.—Total amount of nitrogen, phosphoric acid and potash removed in 
crops and applied in fertilizers from 1899 to 1905 inclusive. 


Removed in crops. Applied in fertilizer. 
| 
Plot Nos. 
Nit Phosphoric Potas! ey matter Nitros Phosphoric Potast 
Nitrogen. acid: otash. ry matter. Nitrogen. seid otash. 
Pounds. Pounds. Pounds. Pounds. Pounds. Pounds. Pounds. 
Po RES aS a CER RRS 39.15 14.08 34.14 2891.45 110 .25 72.05 145.50 
A eet Or ee 29 .59 10.52 30.66 TSSTSOIN ieee ene Be DTABB ha worse ne ote 
AA ec snes cos 31.71 11.52 35.10 1681 .00 13.44 PA ecto (pathos ieee: 
Gtr oie as tke 32.20 11.68 34.34 1722 .87 TS t4as Wee ee Sean 36.96 
1 BS pass cu Oe eR 31.75 11.74 34.52 1672.21 8.70 39.75 PPA 
OS As hei tne ee ees 26 .92 9.73 29.71 LAATALO Fees ce ala te cee eee tence 
ODT ae ts. een aren 27 .58 10.05 Blesk LADIES Se re eee ee eee 36.96 
ONS koe. el pan Sato 33.75 12.36 38 .34 1832 .82 13 .44 27 .88 36.96 
D2 ot ahs SS oe 32.84 11.98 36.48 IBS fee Vill eran wens 27 .88 36 .96 
Done AROSE ETE eercec 33 .92 12.47 37 .56 1827 .87 26.88 27 .88 36 .96 
OTe eon aa ieee 27.41 9.95 30.76 1477 .24 1B Hey. hel eee tae Sate |B 2 en a 
B05 3 See ne ee ee arn 29.04 12.14 35.11 1767 .12 14.63 29 .86 36.96 


Respectfully submitted, 
V. M. SHOESMITH, 
Farm Crops Experimentalist. 
East Lansing, Mich., June 30, 1911. 
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FOREWORD. 


Bulletin No. 262. 


This bulletin has been prepared to meet the constant and growing 
demand for information on the general subject of planting orchards in 
Michigan. It has been written by Mr. O. K. White, Field Agent in 
Horticulture, and is based upon his experience and observations as a 
successful fruit grower. 

In the discussion of varieties an effort has been made to avoid techni- 
cal terms in describing the tree and fruit, and to mention such merits, 
faults and peculiarities of the varieties as may be useful to any one who 
has to decide the important question of selecting them. The list pre- 
sented has been carefully examined and approved by Mr. Benton Geb- 
hardt, of Hart, Oceana county, one of the most successful and experi- 


enced fruit growers in Michigan. 
H. J. EUSTACE, 


Horticulturist. 
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SITE AND SOIL FOR AN ORCHARD. 


The success and profitableness of an orchard depends so largely upon 
the site and soil that it behooves the prospective fruit grower to give to 
these features careful consideration, before he ventures into the business. 

The site for an orchard should not be low or level, but should be more 
or less rolling and have an elevation somewhat higher than is common 
to the vicinity or section. Such a site supplies good air drainage. Cold 
air is heavier than warm air and always sinks to lower levels, hence 
low grounds are more subject to frosts and severe winter freezing. Such 
disastrous results as occurred at the time of the February freeze of 1899 
and the October freeze of 1906, are still fresh in the minds of many 
Michigan fruit growers who had orchards on low, level lands. Many 
of the orchards, which had until these times been very successful, were 
practically destroyed. Even on higher lands, pockets must be avoided 
because cold air settles in them and cannot get out. It is not necessary 
that a site be extremely hilly or that the orchard be located upon high 
hill tops. In many cases it would be better to avoid hill tops on account 
of their exposure to winds and their tendency to severe soil washing. 
Abrupt hillsides should also be aveided because of the difficulties en- 
countered in spraying, tillage and harvesting. 

The slope and exposure of a site has some bearing upon its desira- 
bility for the planting of an orchard. Generally a south slope has a 
lighter soil and warms earlier in the spring than a northern or eastern 
exposure. This induces earliness in blossoming and ripening of fruit, 
which is sometimes desirable. On the other hand, trees on a southern 
exposure are much more subject to winter killing and sunscald. Gen- 
erally, northern or eastern exposures are preferred by fruit growers, 
because they usually have strong soils, are more retentive of moisture, 
and are not so susceptible to winter injury or late spring frosts. 

It must be understood that some fruits are hardier than others. The 
apricot is so tender that it seldom does well in Michigan. As long as 
winters are mild it may do fairly well, but it is almost certain to be 
killed by the first severe winter, even though planted on the most favor- 
able location. The peach is nearly as tender, while the plum follows 
very closely. Apples, pears and quinces are not as tender or as sensitive 
to extremes of cold as peaches and plums, and hence it is not as impera- 
tive that they be given such careful consideration in the location of a 
site for an orchard. Their blossoming later in the spring is also another 
point in their favor. 

The different fruits require different types of soil, but all do their best 
on a strong, deep, well-drained soil. Trees cannot thrive upon soils 
that are depleted, shallow, or poor in texture, where an impervious hard- 
pan is near the surface, or where they have “wet feet.” Examples of 
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failures, due to these conditions, are not uncommon. Stunted trees, or 
blank spaces in the low spots of an orchard usually indicate poor soil 
drainage or poor air drainage or both. Artificial drainage may some- 
times be resorted to, in order to make a location suitable for an orchard, 
but ordinarily such a procedure is not satisfactory, especially in a com- 
mercial orchard. For a home orchard, which it is highly desirable to 
have near the house, artificial drainage may be frequently used to take 
advantage of a desirable location. 

A soil can be too dry for fruit trees. Such is the condition of some 
of Michigan’s sandy soil, which is so porous and devoid of humus that it 
cannot retain moisture. Trees on such soil invariably lack in vigor, 
productivity and hardiness. In the case of peaches.* ‘Either extreme 
of moisture—excessive wetness or excessive dryness—gives favorable 
conditions for winter killing. The wet soil is conducive to sappiness in 
a tree, and also freezes deeply. Severe cold, especially if alternating 
with warm weather, or accompanied with dry winds, causes evaporation 
of water from the trees, and if the soil be so dry as not to furnish mois- 
ture to replace the evaporated water, harmful results ensue.” 

The soil that is shallow, or devoid of plant food, cannot be expected 
to produce an orchard and keep it in vigorous health and productivity. 
While plant food can be added to the soil, it is a factor which the 
orchardist must not overlook or underestimate, because it is just as 
necessary that an orchard produce a good strong growth in the first few 
years of its existence as after it comes into bearing. Scores of orchards 
in Michigan, today, are unhealthy and unproductive simply because they 
were planted upon soils deficient in plant food. 

Soils best adapted to apples may vary from a rich, sandy loam to a 
clay loam, while pears prefer a clay loam or a pure clay, provided it is 
of a good texture. Plums and cherries usually do best on a medium 
loam, and peaches on a soil ranging from a sandy nature to a medium 
clay loam. While it is conceded that the nature of a soil may be in- 
fluenced greatly and its adaptability to different fruits made possible to 
a greater or less extent by the use of lime, manures and commercial fer- 
tilizers, yet it is important to emphasize the wisdom of selecting a soil 
best suited to the fruit that is expected to be raised, or to plant only 
those fruits best suited to the soil one already has. 


PREPARATION OF SOILS FOR AN ORCHARD. 


The preparation of soil previous to the planting of an orchard will 
depend entirely upon its nature, its texture and its condition of fertility. 
It is generally agreed that a field should be brought into the best possible 
state of cultivation before it is planted to fruit trees. If young trees 
are planted in a soil that is not in a condition to induce a strong, 
vigorous, healthy growth, throughout the first few years of their lives, 
the orchard will never be as healthy, productive, or bring as good re- 
turns as it would have done if the trees had been given a good start, 


*Hedrick, U. P., Mich. State. Hort. Soc. Rept. 1907, p. 56. 
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and the lack of clean and thorough cultivation previous to planting the 
trees makes it much more difficult and expensive after the trees are 
planted. Not only should the preparation of soil be clean and thorough, 
but it should be deep. The soil should be loosened up as deeply as pos- 
sible with the plow. On some soils it is highly desirable to use the sub- 
soil plow, running it to a depth of from 16 to 20 inches. Soils which 
are naturally loose and subject to leaching would be possible exceptions, 
and should be treated in a way to avoid leaching. 

While it is not desirable to select for an orchard, soils which need 
artificial drainage, yet if such is chosen, it should be underdrained with 
tile. Since trees are intended to occupy the land for a longer period 
of time than ordinary crops, the grower can afford to give the soil better 
preparation than for ordinary annual crops. 

In most cases it will be a decided advantage to devote the land to hoed 
crops, such as potatoes, corn or beans for one or two years, before plant- 
ing the orchard, so that all weeds can be subdued and the soil worked 
into a good condition. At the same time, any poor portions of the field 
can be easily located and improved. If the soil is badly depleted, it 
would be advisable to seed it to clover and turn under the sod before 
planting. If the trees are to be planted in the spring, it is better to plow 
the soil in the fall, unless the slope is such as to wash badly. The alter- 
nate freezing and thawing during the winter will assist greatly in pul- 
verizing and mellowing the soil. 


FALL OR SPRING PLANTING. 


The advisability of fall or spring planting depends upon several con- 
ditions. Fall planting has the advantage over spring planting in that 
the trees become firmly established in the soil before winter sets in, and 
are able to start growth in the spring before the ground can be marked 
and put into condition for planting. This is important because the trees 
get a good growth in the early part of the season, before the summer 
drouths occur. On the other hand, there is more or less danger from 
winter injury during a severe winter or from the drying out of the trees 
if the winter is long and dry. Fall planting is much more successful 
with the hardy apples and pears than it is with the tender plums, 
cherries and peaches. In Michigan, it is seldom safe to plant peaches 
sweet cherries, or apricots in the fall. 

The convenience of the season will determine in a majority of cases 
whether or not the planting shall be done in the fall or spring. Very 
often the rush of spring work induces the grower to hurry his planting, 
or to do it carelessly, and as a result a poor stand is secured, with 
crooked rows. Others have large crops to harvest in the fall, and would 
find it more convenient to do the planting in the spring. If there is any 
doubt as to the best time to plant, let it be done in the spring, and as 
early as the ground can be gotten into proper condition. 
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DISTANCE FOR PLANTING. 


Most of the old Michigan orchards, especially of apples, were planted 
too close. Trees produce not only large tops, but develop extensive root 
systems and are wide feeders. They should be planted far erough apart 
so that they will not interfere with each other, or if planted more closely 
than the proper distance, the plantings should be done in such a way 
as will later permit a judicious thinning of the trees. Another disad- 
vantage in planting trees too close together is the serious difficulty which 
will be encountered in the operations of spraying and cultivating. In 
orchards where trees are close together not only is the spraying more 
difficult, but diseases and insects thrive more easily. For the same 
reasons the outside rows should not be located too near the fence. 

The distance apart that fruit trees should be planted depends not only 
upon the kind of fruit to be raised, but in many cases upon the variety. 
Some varieties differ greatly in vigor and habits of growth from others, 
and requires greater distances; for example, the Northern Spy apple as 
compared with the Wagener, the Crawford peach as compared with the 
Gold Drop, the Grand Duke plum as compared with the Wixom. Trees 
planted upon strong soils require greater distances than on lighter soils, 
because they will usually live longer and make a much more vigorous 
erowth of top and root. However, if the grower has clear and definite 
plans to do repressive pruning, he may reduce the standard distances 
somewhat. Close planting should not be attempted unless a man knows 
how and is sure to continue his practice of heading-in the trees every 
year. 

Safe distances for planting under ordinary and normal conditions in 
Michigan are: 

Apples, 33-40 feet, or even 45-50. 

Standard pears, 20-25 feet. 

Dwarf pears, 10-12 feet. 

Peaches, plums and apricots, 20-24 feet. 

Sweet cherries, 25-40 feet. 

Sour cherries, 18-24 feet. 

Quinces, 10-12 feet. 


DOUBLE PLANTING AND FILLERS. 


There are few farmers who care to or can afford to plant an orchard, 
cultivate, prune and fertilize it properly without getting back some re- 
turns for the investment and labor before the trees produce profitable 
crops. This difficulty may be overcome by growing shorter lived fruits, 
such as raspberries, strawberries, currants, gooseberries, or such annual. 
cultivated crops as corn, beans, potatoes, or peas, among the trees. If 
such a plan is adopted, the owner should realize that he must make 
greater efforts to conserve the moisture and fertility of the soil, or his 
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orchard will permanently suffer. The planting of bush fruits is seldom 
advisable in a large commercial orchard, for they interfere so seriously 
in so many orchard operations, especially spraying. The using of fillers 
or early bearing and maturing varieties should not be undertaken by 
any except those who are determined and willing to remove them when 
they begin to crowd the permanent trees, or when the permanent trees 
come into full bearing. 

Pears should seldom be planted among apples, as they require radi- 
cally different methods of cultivation. Peaches or plums are being 
largely used as fillers, and with considerable success on favorable loca- 
tions. Their usefulness is about over at 12 or 15 years, but even if not, 
they should be removed for convenience in caring for the orchard, and 
to avoid crowding the permanent trees. 

If apples are to be used as fillers, such early bearing varieties as 
Wagener, Grimes, Duchess, Wealthy, or Yellow Transparent, may be 
used, and then it would be well to plant the permanent trees somewhat 
farther apart than common. 


MIXED PLANTING. 


Many varieties will not bear well when planted alone, or in large 
blocks. 

This is because they require the pollen from blossoms of other varie- 
ties. Inasmuch as all varieties benefit by cross pollination, it is a good 
thing to plant four or five rows of one variety and then four or five 
rows of another, and so on. If the orchardist finds his trees barren from 
lack of cross-pollination, he may graft every fourth or fifth tree of every 
fifth row to some variety having commercial value, blossoming at the 
same time and having an affinity for the barren variety. 


*STERILE AND SELF-FERTILE VARIETIES. 


Apples more or less self-sterile: Belleflower, Chenango, Gravenstein. 
King, Northern Spy, Primate, Roxbury Russett, Spitzenburg, Tolman. 

Varieties mostly self-fertile: Baldwin, Greening, Duchess of Oldeu 
burg, Red Astrachan, Yellow Transparent. 

Varieties of pears more or less self-sterile: Duchess, Anjou, Bartlett, 
Clairgeau, Clapp, Howell, Jones, Kieffer, Lawrence, Louise, Mount Ver- 
non, Sheldon, Superfin, Winter Nelis. 

Varieties generally self-fertile: Bosc, Manning Elizabeth, Seckel, 
Kieffer. 

Varieties of plums more or less self-sterile: Coe, Fellenberg, Satsuma. 

Varieties generally self-fertile: Burbank, Lombard, Damsons, Brad- 
shaw. 


*Bailey’s Principles of Fruit Growing, page 229. 
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TREES TO PLANT. 


It is by all means advisable to secure first-class trees. Such trees 
should be medium in size for their age, free from injurious insects and 
diseases, should have a healthy root system, with enough good-sized roots 
to hold the tree firmly in the soil and a good lot of fine roots. Not all 
varieties have straight trunks, and this should be taken into considera- 
tion. Large sized trees should not be considered first-class and should 
be avoided, as often much of their root system is removed in digging, 
and they adapt themselves to new conditions with greater difficulty. The 
extra expense necessary to buy first-class nursery stock will be many 
times repaid before the trees have outlived their usefulness. It is 
usually preferable to secure trees from a nearby reliable nurseryman. 
His soil and climatic conditions are more apt to be like those of the field 
in which the trees are to be set. The trees are thus saved the unneces- 
sary effort of adapting themselves to new and radically different con- 
ditions. However, the importance of this point is doubtless overesti- 
mated, as many distant nurserymen may have practically identical soils 
and climates. Other advantages of patronizing nearby nurserymen are 
the saving of expense in shipping and avoiding the danger of injury in 
transit. Then, too, the purchaser can visit the nursery and select his 
trees, and be more certain to secure what he desires. There is doubtless 
considerable advantage to the orchardist in furnishing the nurseryman 
with scions or buds secured from trees of known productiveness, hardi- 
ness and health. 

There is a growing tendency on the part of orchardists to demand 
younger and smaller trees. In doing so, they can better shape the top 
to their desire, retain a much larger part of the root system, and secure 
a better and more certain growth. Young trees will usually grow faster 
and more vigorously than older ones. The age at which trees should be 
preferred from the nursery are: apples, quinces and pears, 2 to 3 years; 
peaches and sweet cherries, 1 year; plums and sour cherries, 1 to 2 
years. There is no material difference between budded and root grafted 
trees, provided they are of the same size and vigor, except, perhaps, in 
the North Peninsula, where it would be advisable to get root-grafted 
apple trees, and secure stock of known hardiness. 

The use of dwarf trees is usually confined to pears. While more dwarf 
trees can be planted upon an acre, and larger fruits can be produced, 
still they have not found favor among commercial orchardists except in 
a few sections where an extra high grade of fruit is desirable. Dwarf 
trees are secured by propagating upon a slow growing root, but will not 
remain dwarf unless severely headed-in every year. 

As soon as the trees are received from the nursery they should he 
carefully heeled-in the ground, as near the field intended for the orchard 
as possible, and preferably at the north side of a building or wood lot, 
especially in the spring, in order to protect them from the sun, keep 
them cool and retard their development. The trench should be dug 
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sufficiently deep to receive all the roots. The trees should be carefully 
laid in, with their tops to the south, then fine, moist soil should be put 
between the roots, so that no air spaces are left. If trees are to be left 
heeled-in during the winter, care should be taken to remove all packing 
material which could harbor mice, rats or rabbits, and then snow should 
be kept over them as a protection from severe cold. 


SYSTEMS OF ORCHARD PLANTING. 


There are several systems of orchard planting,—the square system, 
in which the trees are set at the corners of a square, making the rows 
equidistant in both directions; the quincunx system, which is the same 
as the square system, except that a tree is planted in the center of the 
square, and the hexagonal or equilateral triangular system, in which the 
trees are equidistant apart in all directions. 

Of these, the square system is the most commonly used. While it 
does not permit of planting as many trees per acre as the other systems, 
it has the advantage of being easily laid out, is the easiest to cultivate 
and permits of systematic and definite thinning when the trees begin 
to crowd each other. 
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Square system Square system with fillers. 


It is easily modified into the rectangular system, in which the rows 
are farther apart in one direction than the other. 

The quincunx system permits of the planting of a great many more 
trees per acre than the square system. The number per acre will be in- 
creased from 45% in small orchards to 98% in large orchards. The ad- 
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vantages of this system are similar to those of the square system. The 
popularity of both is due to the possibility of planting the trees quite 
thickly, and of thinning with a fair degree of success at what ever dis- 
tance the trees are set. In such cases early bearing and maturing trees 
should be used as fillers and planted intermediately between the perma- 
nent trees. As indicated in the diagrams, the first proper thinning of 
the square system is performed by removing every other tree and alter- 
nating in the rows, and leaving the orchard in the quincunx system. 
This in turn may be thinned by removing the central tree, leaving the 
orchard in the square system again. Thus an orchard set 20 feet square, 
when properly thinned, leaves the trees 40 feet quincunx or in squares 
28.28x28.28 feet, running diagonally across the field. This, properly 
thinned, leaves the trees in squares 40 feet apart. 

The hexagonal or equilateral triangular system is popular because it 
distributes the trees evenly over the field and permits of planting the 
greatest number of trees per acre at a good distance apart. Approxi- 
mately 15% more trees per acre may be planted. While it has this ad- 
vantage, it has also the disadvantage of inconveniencing all cultivatiou, 
especially in the turning at the ends of the rows and the necessity of 
finishing up the corners, and also the impossibility of permitting any 
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Hexagonal system. Hexagonal system with fillers. 
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satisfactory method of thinning the trees without removing too large 
a proportion of them. When this system is used, and the trees are 
planted at ordinary distances apart, the orchardist is almost certain to 
postpone thinning the trees until they have so badly crowded each other 
that their vitality is much impaired. Proper thinning requires the re- 
moval of 75% of the trees, and this is very hard to do as long as they 
are healthy and productive. 


PLANTING TABLE. 


Number of trees required per acre planted by square system: 
») 
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LAYING OUT THE ORCHARD. 


The problem of laying out the orchard is difficult, especially on rolling 
ground, and should be done carefully, so that the rows of trees may be 
straight. An orchard in which the rows are straight is much more at- 
tractive and satisfactory than one which appears to have been planted 
carelessly. The extra care and time devoted to aligning the rows of 
trees will be a source of much satisfaction during the whole life of the 
orchard. 

The first thing to do is to establish a base line along one side of the 
field. preferably the longer side, and from this to extend all further 
operations. This should be established by a surveyor if possible, rather 
than to depend upon a fence line or road line, which are so often 
erroneous. If the field, to be set by the square or quincunx system, is 
not larger than 3 or 4 acres, and is comparatively level, another liue 
should be run out at right angles to the base line, starting at the corner of 
the field where the first tree will stand. The direction of this line may 
be ascertained by placing a carpenter’s square, or a mason’s square upon 
3 stakes, one of which is at the corner, another along the base line, and 
the third along the side line, so that one side of the square extends along 
the base line. Sighting along the other side of the square, one has the 
direction of the side line. Stout stakes should be set along this side 
at intervals corresponding to the distance the trees are to be set apart. 
Similarly, another line of strong stakes should be set along the opposite 
side of the field, and at right angles to the base line. From the cor- 
responding stakes of these two side lines, a wire may be stretched tightly 
across the field, parallel to the base line, and this will indicate the 
location of the row of trees. Conspicuous tags should be fastened tightly 
along this wire at intervals equal to the distance apart the trees are 
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to be set in the row. A gardener’s string would be just as good if it 
did not stretch in use, increasing the distance between the tags and 
causing the cross rows to be crooked. Then stakes should be set in the 
ground at the location of the tags. 

When this is done the holes may be dug and the trees planted with 
the planting board. 

If the field is a large one, a more extensive staking method must be 
employed. The following simple plan will be found very accurate where 
the work is carefully done. As indicated in the diagram below, a row 
of stakes is established entirely around the field, and near enough fo 
the border of the field to avoid the location of any row of trees, the 
stakes being placed at intervals corresponding to the distance the trees 
are to be planted apart. These stakes should be painted or whitewashed 
at the top to make them conspicuous and easily seen at considerable dis 
tances. Then an intermediate row of stakes should be established across 
the field in each direction. These stakes being put exactly in line with 
the corresponding stakes on opposite sides of the field and again avoid 
the location of any row of trees. If the field is at all rolling, or if 
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for any reason the planters cannot see entirely across the field, more 
intermediate lines will be needed. None of these lines of stakes need 
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be exactly straight, but it is essential that the stakes be set perpendicu- 
lar. With the stakes thus placed, the proper location of any tree in the 
field can be easily found, thus the hole-digger may use his shovel handle 
as a temporary stake and align it with two stakes in each of the two 
directions at right angles. The location of the handle indicates the 
center of the hole. In planting, the tree should be used as a temporary 
stake and aligned with two stakes in each of two directions at right 
angles. In this method any number of men may plant trees in the field 
at the same time, and the work may begin in any part of the field. 
When the planting is completed the stakes stand as a test of the 
thoroughness of the work done. 

In the planning and planting of the hexagonal system, this plan may 
be used. As many stakes should be provided as there are trees to be 
planted. A wire should be prepared of the exact length that the trees 
are to be planted apart, and a ring or loop twisted in at each end by 
which the operator may hold it. After the base line is established, and 
stakes are planted along it just where each of the first row of trees will 
stand, one person (A) slips a finger through the ring at one end of the 
wire and another person (B) runs a small stick through the ring at 
the other end. (A) then puts his ring at the first stake in the base 
line, (B) steps to where he supposes the first tree of the second row will 
be and strikes a small segment of a circle upon the ground. Then (A) 
goes to the second stake in the first row and holds his end of the wire 
exactly to it. (B) describes another small segment of a circle from that 
stake, and where these two segments cross, a stake must be driven and 
this is the location of the first tree in the second row. Likewise these 
two operators may find the location of each tree in the second, third, 
fourth rows, etc., using each row in turn as a base line. Before doing 
any planting, the whole field should be measured and staked in the above 
way. If the work is done carefully the trees will be found to be in 
very straight rows in every way. 


PLANTING THE TREE. 


The ground should be smooth and in good tilth. Plowing along the 
line of tree rows may lessen the hand labor somewhat, and afford oppor- 
tunity for surface drainage, but the holes must be dug by hand. The 
harder the ground, the wider and deeper the holes should be. In all 
cases they should be wide and deep enough to receive ali the roots 
of the tree without it being necessary to crowd or twist them. It 
the bottom is hard, it should be picked until it is mellow, or some loose 
surface soil should be thrown in. Never throw coarse manure or sods 
into the bottom of the hole, hoping to furnish humus and fertility to 
the tree. While they are decomposing, they absorb moisture and cause 
heating, which is sure to injure the roots of the tree. 

When the young tree is dug in the nursery, a portion of the root 
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system is removed, some roots are broken and the ends of others are 
ragged or torn. These broken roots and ragged ends should be cut off 
smoothly so that the cut surface will lie upon the bottom of the hole. 
Then if there is an abundance of fine roots, especially under the crown, 
they should be thinned out. If the trees are heeled-in in the fall, this 
root pruning may be done then and by spring the cut surface will have 
calloused over, though usually the roots are pruned just before planting. 

If a stake has been placed to indicate the proper location of each tree, 
this location will be lost when the stake is pulled and the hole dug, 
unless a planting-board is used. This is a thin board 3 to 4 inches wide 
and 4 to 6 feet long, with a notch at its center and at each end. Before 
digging the hole, the planting-board should be placed on the ground 
with the notch in the center against the stake. (See Plate 1.) Then 
a stake should be driven in the ground fitting in the notch at each end. 
The board should then be lifted, laid aside and the hole dug, the board 
is then returned to its place and the tree stood in the notch, the exact 
original location of the stake. This is an accurate method of placing 
the tree, but many consider it too slow to be practical in large fields. 
In large fields the sighting method is usually to be preferred. 

For convenience and rapidity, two men can work together in planting 
the trees. One man should stand the tree in its proper place in the hole 
and carefully spread out the roots in their natural direction. Then the 
second man should throw in some loose, moist surface soil, a little at a 
time, so that it thoroughly covers the roots on all sides, underneath, 
as well as above, and especially under the crown of the tree. After this 
has been done, and the ground is tramped firmly, the hole may be filled 
and be tramped more rapidly. Finally, the soil should be left mellow 
at the top, so that it will not bake and permit much moisture to escape. 
When the hole is filled, the tree should stand about two inches lower 
in the ground than it did in the nursery, except with dwarf pears, which 
should be set from three to six inches below the bud of graft. 

In the case of fall planting, the ground should be mounded up about 
the trunk of the tree, and so provide ample surface drainage. Trees 
planted on locations exposed to strong prevailing winds should be 
leaned toward the wind slightly, or else be supported by a strong stake. 
This avoids lopsided rows so often seen on exposed slopes. 


PRUNING THE YOUNG TREES. 


Since some of the roots are removed when the tree is dug from the 
nursery, and possibly some are pruned off before planting, the tops must 
be cut back to produce a balanced condition. This should be done im- 
mediately after planting. The practice of doing this pruning before the 
tree is set is not often satisfactory. In doing the pruning, the orchardist 
should aim to top the trees low, from 18 to 24 inches above the ground. 
When the trees are full grown, pruning, spraying, thinning and harvest- 
ing will be more convenient than if headed high. 

Apples, plums, pears and sour cherries should be pruned so as to leave 
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three to five main or scaffold limbs distributed up and down the trunk 
for from 12 to 15 inches to avoid bad crotches, and these should be as 
conveniently distributed as possible about the trunk so as not to make 
the tree lopsided or so that one limb will not grow above another and 
interfere with it. (Plate 2, Figs. 1 and 2.) These small branches should 
be cut back to from 2 to 6 buds, the cut being made just above a bud. 
Yearling peaches and sweet cherries should usually be pruned back tu 
a whip. (Plate 2, Figs. 3 and 4.) 

The pruning for the first four or five years should be very carefully 
and systematically done so that the young tree may produce a strong 
symmetrical open top. Each spring the main limbs should be cut back 
to make them grow stocky and strong. At the same time all undesirable 
branches should be cut out and the rest shaped so that the top will be 
open, admitting free circulation of air and sunlight. 

Since different varieties of fruits have different natural habits of 
growth, these habits should be taken into consideration. Those natur- 
ally growing compact heads may be pruned so that the branches will 
grow outward while those with tops naturally open, need not be pruned 
So severely. 

In all cases make smooth, clean cuts, and as close to the trunk limbs 
or buds as possible, but not so close as to injure the trunk or bud. 


AFTER-CARE OF THE ORCHARD. 


It is very essential that the young trees be kept in the best possible 
condition of thrift and health, hence it is necessary to conserve all the 
moisture and plant food in the soil. To do this, cultivate thoroughly, 
and systematically. Different soils and different conditions will alter 
the methods used. Early in the spring, as soon as the condition of the 
soil will permit, plow 6 or 8 inches deep. If the trees have been planted 
as deeply as they should be, this deep plowing will cause them to pro- 
duce deep root systems not so apt to be injured by freezing or drouth. 
After this the soil should be frequently stirred to produce a shallow soil 
mulch and prevent baking or crusting of the surface and the consequent 
heavy loss of moisture by evaporation. The cultivation will also kill 
all weeds which are drains upon the soil moisture and available plant 
food. It also liberates the plant food and assists in decomposing any 
or all plant food that may be turned under. 

About the first of August, cultivation should be stopped so that the 
trees will have an opportunity to mature and harden the season’s growth 
and buds and prepare them for winter. At the last cultivation some 
plant, to serve as a cover crop, should be sown. This will absorb and 
conserve much available plant food that would otherwise be lost. It 
also prevents washing of the soil, holds the leaves and snow during the 
winter, and in the spring, when turned under, furnishes a considerable 
quantity of humus to the soil. If the soil is in need of nitrogen, such 
plants as clovers, vetches, peas, etc., should be used, otherwise, oats, 
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barley or buckwheat. If it is desirable, hoed crops, such as corn, pota- 
toes or beans may be raised among the trees. The cultivation necessary 
for them will usually suffice for the trees. They should not be planted 
nearer than 3 or 4 feet from the ends of the branches, however, and 
greater care will need to be taken to maintain the fertility of the soil. 
Grain crops, such as wheat, rye or oats, should never be raised among 
the fruit trees, as they are heavy users of moisture and plant food. <A 
clover sod may be grown between the rows, if sufficient space is left 
along the rows to cultivate. On the steep side of hills, or rocky fields, 
which should be avoided if possible, sod or straw mulches may be sub- 
stituted for cultivation. Such a method, however, encourages surface 
root systems that are liable to injury in winter or drouths. 

In cultivation, care should be taken to cover the ends of the whiffle- 
trees with leather or rubber, and high hames or other projections on 
the harness should be discarded to avoid barking the trunks and limbs 
of the trees. A muzzle upon the horses’s nose will avoid many nipped 
limbs. 

In addition to the cultivation, the trees need to be fed to make them 
thrifty. There is nothing better for this than barnyard manure, if 
applied late in winter and also in the spring, so that the trees get the 
benefit early in the season. Two or three handfuls of nitrate of soda 
incorporated into the soil about the tree, but not in contact with the 
roots, several times in the season will be very beneficial. It is very 
quickly available and should be used with great care. Unleached hard- 
wood ashes will furnish potash and lime that assist the tree in making 
a firm wood growth. Small quantities of phosphates will assist the 
trees in appropriating the other plant foods and help to mature the tree 
in the fall. 

It is necessary, also, to keep the trees free from all injurious insects 
and diseases. Of the leaf-eating insects, there are the canker worms, 
cut worms, tent caterpillar, fall web worm, bud moth and_ tussock 
moth. These may be controlled by the use of some arsenical poison as 
arsenate of lead or Paris Green. Cut worms can usually be controlled 
by scattering two or three handfuls of a mixture of Paris Green and 
bran or Paris Green and finely cut clover leaves on the ground a few 
inches from the trunk of the young trees. Curl leaf on peaches and leaf 
diseases on apples, pears, cherries, etc., can be controlled by the use of 
Bordeaux mixture. Examination should frequently be made of the 
trunks to destroy all borers. San Jose scale may be controlled by spray- 
ing with the lime-sulphur wash. 

Care should be taken to remove all weeds, grass or other litter which 
might harbor mice. It is also frequently advantageous to wrap the tree 
trunks with wire netting, tar paper, or thin boards to protect them from 
mice or rabbits. 

If a peach, apricot or plum tree develops yellows or little peach, im- 
mediately remove and destroy it. 


240 STATE BOARD OF AGRICULTURE. 


THE SELECTION OF VARIETIES. 


One of the most important and difficult problems that the fruit 
grower has to solve, is the selection of varieties for his orchard. The 
choice of varieties should depend upon three principal considerations, 
the personal preferences of the grower, the purposes of the orchard and 
the locality. Failure to regard any one of these points will eventually 
bring failure to the orchard. 

The personal preferences of the grower are of much more importance 
than is generally given them. A man will usually take greater care and 
pains with his orchard and make it more succcessful if it contains 
varieties which he likes best. This is especially so in the case of the 
small home orchard. There are a number of varieties which are con- 
sidered valuable, high quality apples, but all have a few favorite varieties 
and if these are adaptable to the locality and to the purpose intended, 
they should be the varieties chosen. 

The second consideration, the purpose of the orchard or the nature 
of the market to be supplied, is one which has been greatly under- 
estimated in scores of Michigan orchards, and points to one primary 
reason why so many of them are so badly neglected and unprofitable. 
If the orchard is to be a home orchard, it should contain varieties afford- 
ing a succession of fruits for as large a part of the year as possible. 
They should all be of high quality, part suitable for dessert and part 
suitable for cooking. Size, appearance and productivity may wisely be 
sacrificed to some extent, although these are exceedingly desirable quali- 
ties and contribute much to the satisfaction that the fruits should give. 

The commercial orckardist must be governed in his choice of varieties 
by the demands of the market which he expects to supply. If his market 
is a local and select one, the orchard should contain varieties that afford 
a succession and are prolific bearers of good sized, good quality, and in 
most cases, attractive appearing fruit. The commercial orchardist, who 
purposes to dispose of his fruit in the general market, has a problem 
of his own. He must understand that markets differ largely in their re- 
quirements; as for instance, many eastern cities prefer white peaches, 
while Chicago prefers a yellow peach, Boston craves for Baldwins, New 
York wants Greenings, Chicago is a large consumer of Damson plums, 
Milwaukee covets prunes, etc. It must be acknowledged that many 
varieties which are not considered first-class and in some cases might 
be called inferior, can be disposed of to good advantage in almost all 
large general markets, because they are attractive to the eye on account 
of their size and color. This will always be true to a greater or less 
extent, still it is gratifying to realize that consumers are gradually cul- 
tivating their tastes for the better varieties even though they may lack 
slightly in size and may not be so attractive in color. While there will 
always be a market for varieties that are not considered standard, the 
market for the choicer varieties will surely increase and this is the 
market that will aways give the best returns. 
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Varieties differ so largely in adaptability to different climatic and soil 
conditions, that the grower must be exceedingly careful in his selection. 
Some varieties can endure greater extremes of cold than others, some 
require special soils. There are a few varieties that do comparatively 
well in almost all parts of the state, but most of the better varieties are 
more or less sensitive to their surroundings and it does not necessarily 
follow that, because a variety does well in one part of the state it will 
do equally well in others, even of the same latitude. 

Many varieties which are successful in the western Michigan fruit 
belt, are absolute failures in other parts of the state. So the prospective 
orchardist must make a careful investigation to determine what varieties 
do best in his particular locality and conclude which of these will do 
best on his particular site and soil. Failure to do this means failure 
for the orchard. 

The commercial orchardist should confine himself to a few varieties. 
Experience has proven time and again that it is much easier to dispose 
of the crop from an orchard if it has only a few varieties than if the 
orchard has only a few trees of several varieties. Only in exceptional 
cases, would it be wise to plant more than four or five varieties in a com- 
mercial orchard and many times fewer would be better. The grower 
can also make a more careful study of the special requirements of each 
variety and be able to produce them to better advantage. 

Some varieties have delicate skins and bruise easily and hence are poor 
shippers. If the fruit must be shipped long distances to market, such 
varieties should not be included in a list for a commercial orchard. How- 
ever, this will depend largely upon the care with which the fruit is 
handled in harvesting and marketing. Varieties for cold storage uses 
should be those which have good keeping qualities. 


VARIETIES SUGGESTED. 


Apples for Home Orchard—Yellow Transparent, Sweet Bough, Pri- 
mate, Jeffries, Duchess of Oldenburg, Chenango, Dyer, Maiden Blush, 
Wealthy, Shiawassee, McIntosh, Fameuse, Jacobs Sweet, Sutton, Hub- 
bardston, King, Wagener, Winter Banana, Grimes Golden, Tolman, 
Jonathan, Northern Spy, Rhode Island Greening, Red Canada, Golden 
Russett, Aiken. 

Apples for Market—Yellow Transparent, Duchess of Oldenburg, 
Gravenstein, Wealthy, McIntosh, Fameuse, Hubbardston, King, Wagener, 
Grimes, Jonathan, Spy, Baldwin, Rhode Island Greening, Red Canada. 

Crab-apples for Home Use—Martha, Transcendant and Dartmouth. 

Crab-apples for Market—Hyslop. 

Pears for Home Use—Summer Doyenne, Bloodgood, Clapp’s Favorite, 
Bartlett, Manning Elizabeth, Seckel, Jones, Bosc, Sheldon, Anjou, Belle 
Lucrative, Duchess (Angouleme), Louise, Superfin, Dana’s Hovey, Law- 
rence, Winter Nelis, Kieffer (for canning). ; 

Pears for Market—Giffard, Bartlett, Seckel, Bose, Clairgeau, Howell, 
Vermont Beauty, Anjou, Duchess (Angouleme), Kieffer. 

31 
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Peaches for Home Use—Alexander, Dewey (or Wark), Early Michi- 
gan, Hale’s Early, Crane’s Yellow, Yellow St. John, Champion, Fitz- 
gerald, Mountain Rose, Engle, New Prolific, Kalamazoo, Markham Chili, 
Gold Drop, Lemon Free, Banner, Salway. 

Peaches for Market—Dewey or Wark, Early Michigan, Davidson, St. 
Johns, Early Crawford, Weed’s Barnard, Engle’s Mammoth, Kalamazoo, 
Crosby, New Prolific, Improved Chili, Elberta, Gold Drop, Lemon Free, 
3anner, Salway. 

Plums for Home Use—Red June, Czar, Abundance, Jefferson, Brad- 
shaw, Lombard, McLaughlin, French Damson, Fellenberg or Italian 
Prune, Monarch, Bavay’s Green Gage (Reine Claude), Coe’s Golden, 
Stanton. 

Plums for Market—Japan: Red June, Burbank, October Purple. 
European: Bradshaw, Lombard, Black Diamond, Arch Duke, Pringle 
Damson, Shropshire, Grand Duke, Fellenberg, Monarch, Coe’s Golden, 
Bavay, Copper. 

Cherries for Home Use—Sour: Early Richmond, Montmorency. 
Sweet: Gov. Wood, May Duke, Tartarian, Yellow Spanish, Bing, 
Windsor. 

Cherries for Market—Sour: Farly Richmond, May Duke, Montmor- 
ency, Dukes, English Morello. Sweet: Gov. Wood, Napoleon, Yellow 
Spauish Tartarian, Bing, Windsor, Smith’s Bigarreau. 

Quinces—Orange, Rea Mammoth, Missouri Mammoth, Champion. 


DESCRIPTION OF TREE AND FRUIT, OF PRINCIPAL VARI- 
ETIES SUGGESTED. IN ORDER OF HARVESTING: 


Yellow Transparent—Tree of medium size, hardy, moderately vigor- 
ous, upright (compact), bears 4-6 years of age and prolifically. Should 
be thinned heavily to produce annual crops. Fruit—Season, late July 
and August; medium size, good quality, excellent for cooking, has tender 
yellow skin, bruises easily and cannot be shipped long distances. 

Sweet Bough—Tree medium to large, hardy, vigorous, upright, spread- 
ing, bears early and prolifically, subject to canker. Fruit—Season, late 
July; large, excellent quality, good for dessert, cooking or local market, 
somewhat subject to scab. 

Primate—Tree large, hardy, moderately vigorous, upright, spreading, 
bears 5-7 years of age, productive, somewhat subject to canker. Fruit— 
Season, ripens unevenly, August and September; medium to large, 
quality very good, juicy, excellent for dessert, somewhat subject to scab. 

Oldenburg (Duchess of Oldenburg)—Tree medium size, vary hardy, 
moderately vigorous, bears at 4-6 years, yielding heavy crops biennially ; 
sometimes subject to collar rot. Fruit—Season, ripens unevenly through 
late August and September, large size, excellent for cooking or market. 
Free from scab. 

Maiden Blush—Tree medium size, hardy, vigorous, upright, spreading, 
bears early and usually every year. Fruit—Season, September and early 
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October; medium to large, attractive, good for dessert, cooking or mar- 
ket, has tender skin and must be handled carefully, very subject to scab. 

Gravenstcin—Tree large, hardy, vigorous, upright, spreading, bears 
moderately early and fairly well every second year, occasionally subject 
to canker. Fruit ripens unevenly, during late September until Novem- 
ber, medium to large, good for cooking or market. 

Wealthy—Tree medium size, hardy, moderately vigorous, upright, 
spreading, bears 4-6 years, very productive, requires heavy thinning. 
Fruit—ripens late September or early October, medium to large, good 
for dessert, cooking or market, very free from scab, drops badly. 

McIntosh—Tree medium to large, hardy, vigorous, upright, spreading, 
bears 5-7 years and heavily every other year. Fruit ripens in October, 
medium to large in size, very attractive, excellent for dessert, cooking 
or market; flesh is tender and bruises easily and it cannnot be shipped 
long distances very subject to scab. 

Fameuse (Snow)—Tree medium to large, hardy, vigorous, upright, 
spreading, bears 5-7 years, annually and prolifically. Fruit ripens in 
October, medium in size, attractive, extra for dessert, cooking or nearby 
market. Very subject to scab. 

Hubbardston—Tree medium to large, fairly hardy, vigorous, upright, 
spreading, bears 5-6 years of age, very productive, requires heavy thin- 
ning. Sometimes subject to canker. Fruit ripens fore part of October, 
medium to very large, generally good for dessert, cooking or market until 
January. Smooth, very free from scab. 

King—Tree large, vigorous, hardy, upright spreading, bears 6-8 years, 
generally not very productive, is subject to canker and collar rot. Fruit 
ripens fore part of October, large, attractive, extra fine for dessert, cook- 
ing and market, not very subject to scab, drops badly. 

Wagener—Tree medium in size, hardy, moderately vigorous, upright 
spreading, bears 4-5 years, and so abundantly that it requires heavy thin- 
ning, especially while young to prevent stunting of tree. Fruit ripens 
in October, medium to large, attractive, excellent for dessert, cooking or 
market. 

Grimes Golden—Tree medium to large, hardy, vigorous, upright spread- 
ing, bears 5-7 years, very productive, usually requires thinning to secure 
good size. Fruit ripens in fore part of October, excellent for dessert 
or cooking and sells well in markets where its quality is known. Some- 
what subject to scab. 

Jonathan—Tree medium to large, hardy, vigorous, upright spreading, 
bears 4-5 years, very productive and requires thinning. Should be 
planted on strong soil to get good sized fruit. Somewhat subject to col- 
lar rot. Fruit ripens in October, attractive, extra fine for dessert, cul- 
inary use or market. Very free from scab. 

Northern Spy—tTree very large, should be planted 40-50 feet apart, 
very vigorous, upright, thick, spreading, seldom bears before 12 to 15 
years of age, very productive as it grows older. Fruit ripens in October, 
large to very large, attractive, extra fine for dessert, culinary use or 
market. Quite subject to scab. 

Baldwin—Tree large, hardy, vigorous, upright, spreading, seldom 
bears until 10-12 years of age, but then usually becomes very prolific 
bearer. Somewhat subject to canker. Fruit ripens about middle of 
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October, medium to large, attractive, excellent for dessert, culinary use 
and market. 

Rhode Island Greening—Tree large, hardy vigorous, wide-spreading, 
drooping, dense, bears 8-10 years of age, and prolifically. Fruit ripens 
about middle of October, medium to very large, excellent for dessert, 
culinary use or market. Somewhat subject to scab. 

Red Canada—tTree medium to large, lacks slightly in hardiness, vigor- 
‘ous, upright, dense, spreading, seldom bears before 10-12 years, often 
a shy bearer, seems to do especially well in southeastern counties of 
Michigan. Fruit ripens late October, medium to large, attractive, good 
for dessert, culinary or market use. Is an especially good keeper. 

Winter Banana—Tree medium in size, hardy, vigorous, rather flat, 
spreading, bears 6-8 years and then is fairly productive. Fruit ripens 
early October, large to very large, attractive, much esteemed for dessert 
and culinary use, but shows bruises so badly that it is not prized highly 
as a commercial variety. Somewhat subject to scab. 

Sutton (Sutton’s Beauty)—Tree medium in size, hardy, vigorous, very 
upright, compact, bears 6-8 years, fairly productive. Fruit ripens middle 
of October, medium to large, very attractive, excellent for dessert, cul- 
inary or high class market. Somewhat subject to scab. 


PEARS. 


Giffard—Hardy and very productive, fruit medium size, juicy and 
melting, ripens middle of August, best of its season. 

Bartlett—Tree large, hardy, vigorous, very productive, but very subject 
to “fire blight.” Fruit large, tender, buttery, excellent for dessert, cook- 
ing or market. Ripens early September. 

Seckel—Tree large, hardy, moderately vigorous, erect grower, very 
productive, very free from blight, requires high cultivation. Fruit small, 
fine-grained, very sweet, juicy and buttery. The standard of excellence 
among pears. Ripens late September or early October. 

Bosc—Tree medium to large, hardy, vigorous and very productive, 
has crooked trunk and requires top working on some other stock. Flem- 
ish Beauty has proved very good. Fruit medium to large, russet, juicy, 
buttery, rich and sweet, excellent for dessert, cooking or market. Ripens 
October. 

Duchess (Angouleme)—Tree medium to large, hardy, vigorous and 
very productive, does best when grown on quince stock. Fruit very large, 
melting, buttery, juicy, valuable for dessert, cooking or market. Ripens 
October. 

Clairgeau—Tree medium, hardy, moderately vigorous, erect, moder- 
ately productive. Somewhat subject to blight. Fruit ripens large, some- 
what granular, buttery, melting, often with rich flavor, but frequently 
poor, good for market. Ripens late October. 

Howell—Tree medium size, hardy, vigorous, erect and very productive. 
Fruit medium to large, yellow, melting, buttery, moderately rich, usually 
good quality, good for dessert, cooking or market. Ripens late October. 

Anjou—tTree large, very hardy, vigorous, upright spreading, very pro- 
ductive. Seldom bears before 10 years old. Fruit large, fine-grained, 
buttery, melting, with rich flavor, one of the most valuable dessert and 
market pears. Ripens, October. 
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Kieffer—Tree medium to large, very hardy, very vigorous, upright, 
dense, slightly spreading, usually very productive. In some places re- 
quires interplanting of some other variety. Bartlett or Lawrence are 
suggested. Fruit large to very large, poor quality, but a favorite of 
growers and canners. Ripens late October or early November. 


PEACHES. 


Dewey—tTree medium in size, hardy, vigorous, productive and requires 
heavy thinning. Fruit medium to large, yellow, nearly freestone, fair 
quality, ripens in August, good for early market. Somewhat subject to 
rot. 

Wark—Tree medium in size, hardy, vigorous, productive. Fruit 
medium in size, yellow, clingstone, good quality, ripens in August. Good 
for early market. 

Davidson—Tree medium in size, hardy, vigorous, very productive. Re- 
quires heavy thinning. Fruit medium to large, smooth skin, yellow, 
freestone, follows shortly after Dewey, good for dessert or market. 

Early Michigan—Tree medium in size, hardy, vigorous, very produc- 
tive. Requires careful thinning. Fruit medium to large, white, free- 
stone, ripens about same time as Dewey, good for dessert or local market. 
Is very subject to rot. 

St. Johns—Tree medium in size, somewhat tender in bud, vigorous, 
very productive in favorable years. Fruit medium to large, yellow, free- 
stone, ripens about same time as Early Michigan, quality very good, good 
for dessert, culinary or market use, ripens about same time as Early 
Michigan. 

Early Crawford—tTree large, tender in bud, very vigorous, requires 
severe heading in, fairly productive in favorable years. Fruit medium 
to large, yellow, freestone, good for dessert, culinary use or market. 
About two weeks later than St. Johns. 

Engles Mammoth—Tree medium to large, hardy, very vigorous, pro- 
ductive. Fruit medium to large, attractive, yellow, freestone, valuable 
for dessert, culinary use or for market, ripens in September. 

Kalamazoo—Tree large, hardy, very vigorous, productive. Fruit 
medium size, yellow, freestone, very good for dessert, culinary use or 
market, follows Engles very closely. 

Crosby—tTree medium to large, hardy, vigorous, very productive, re- 
quires heavy thinning. Fruit inclined to be small unless thinned 
severely, yellow, freestone, very good for dessert, culinary or market 
use. Ripens about same time as Kalamazoo. 

Elberta—Tree large, hardy, very vigorous, very productive. Fruit 
large, uniform in size and shape, yellow, highly colored, freestone, one 
of the most valuable market varieties, ripens shortly after Kalamazoo. 
Very subject to curl leaf. 

New Prolific—Tree large, hardy, vigorous and very productive. Fruit 
large, yellow, smooth, freestone, valuable for dessert, culinary or market. 
Ripens with Elberta. 

Gold Drop—Tree medium in size, hardy, vigorous, and very produc- 
tive. Requires severe thinning to secure size in fruit. Fruit small to 
medium, yellow, freestone, unsurpassed for dessert or culinary use, but 
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most too small for good market variety. Drops badly and is subject to 
scab. 

Lemon Free—Tree medium size, moderately vigorous, hardy, very pro- 
ductive. Fruit medium to large, yellow, freestone, good variety for 
dessert, culinary or late market, ripens October, too late for northera 
counties. 

Banner—Tree medium in size, hardy, vigorous, productive, requires 
thinning. Fruit has tendency to run small, yellow, freestone, good for 
dessert, culinary or market use, ripens with Lemon Free, too late for 
northern counties. Drops badly. 

Salway—tTree large, hardy, vigorous, productive. Fruit medium, yel- 
low, freestone, good for dessert, culinary or late market in southern coun- 
ties. Very subject to scab. 


PLUMS. 


Red June—Tree medium size, upright, moderately vigorous, fairly 
hardy, productive. Fruit medium, red, firm flesh, good for dessert or 
early market use. Ripens early in August. 

Burbank—Tree large, flat spreading, vigorous, hardy, very productive. 
Fruit medium to very large, dark red, or purplish, firm juicy flesh, fair 
for dessert or culinary purposes and sell well in some markets. Ripens 
last party of August and early September. Very subject to brown rot. 

October Purple—Tree large, upright, spreading, hardy, very vigorous, 
very productive. Fruit medium to large, reddish-purple, firm, juicy, 
ripens about October 1st, good for late market. 

Bradshaw—Tree large, upright, spreading, hardy, very vigorous, very 
productive. Fruit Jarge, purple, firm, juicy, good for dessert, culinary 
or market use, ripens in August. 

Lombard—tTree large, upright, spreading, hardy, vigorous, very pro- 
ductive, does well in all parts of Michigan. Fruit medium size, violet 
red, juicy, highly prized for home use and valuable for local market, 
ripens early in September. Very subject to rot. 

Black Diamond—Tree large, upright, spreading, hardy, vigorous, very 
productive. Fruit large, blue, firm, excellent for market purposes, ripens 
early in September. 

Arch Duke—Tree large, spreading, dense, fairly hardy, vigorous and 
productive. Fruit large blue, freestone, firm flesh, good for market, 
ripens fore part of September, drops badly. 

Shropshire Damson—Tree medium in size, upright, dense, hardy, vig- 
orous, productive every second year. Fruit small, blue, firm, good for 
culinary and market use, ripens about middle of September. 

Grand Duke—Tree medium to large, upright, spreading, moderately 
hardy, vigorous, very productive. Fruit large, blue, firm flesh, good for 
late market, ripens last of September, rots very badly under favorable 
conditions. 

Fellenberg—tTree medium in size, flat, spreading, hardy, vigorous, pro- 
ductive. Fruit medium size, blue, firm flesh, freestone, excellent for 
dessert, culinary or market use, very subject to attacks of curculio, ripens 
middle to latter part of September. 

Monarch—Tree large, upright, spreading, moderately hardy, vigorous, 
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very productive. Fruit medium to large, blue, firm, freestone, excellent 
for dessert, culinary or market use, ripens late October. Somewhat sub- 
ject to rot. 

Coes Golden—Tree above medium to large, flat, spreading, moderately 
hardy, vigorous, productive. Fruit large, yellow, firm, juicy, sweet, ex- 
cellent for dessert or culinary use, and sells well where known, ripens 
late September or early October. 

Bovay—tTree medium size, upright, spreading to roundish, rather ten- 
der, moderately vigorous, very productive. Fruit medium size, greenish- 
yellow, firm, juicy, sweet, excellent for dessert and especially for culin- 
ary purposes, ripens late September or early October. 

Copper—Tree medium upright, slightly spreading, hardy, moderately 
vigorous, productive. Fruit small, purple, firm, juicy, good for very late 
market, ripens middle of October or later. 


SOUR CHERRIES. 


Early Richmond—Tree medium size, spreading, hardy, vigorous, regu- 
lar and prolific bearer. Fruit medium size, bright red, juicy, best 
early sour cherry for culinary or market use, ripens from middle of 
June until in July. 

May Duke—Tree medium size, spreading, hardy, vigorous, productive. 
Fruit large, dark red, juicy, rich subacid, valuable for culinary or mar- 
ket use, ripens late June or early July. 

Montmorency—tTree large, spreading, hardy, very vigorous, regular 
and profuse bearer. Fruit large, crimson red, juicy, most valuable sour 
cherry for market or culinary use, ripens July. 

English Morello—Tree medium size, low spreading, hardy, moderately 
vigorous, prolific bearer, very subject to cherry leaf spot disease. Fruit 
large, very dark red to black, juicy, very sour, valuable late variety. 
ripens last of July and early August. 


SWEET CHERRIES. 


Gov. Wood—Tree large, upright, spreading, hardy, vigorous and very 
productive. Fruit large, light yellow, tender, juicy, good for dessert or 
canning, but does not ship well. Somewhat subject to rot. Ripens 
irregularly latter part of June to early July. 

Napoleon—Tree large, spreading, hardy, vigorous and very productive. 
Fruit large, pale yellow, firm, juicy, sweet, good for dessert or canning 
purposes or local market, shows bruises too badly to ship well, ripens 
in July. 

Black Tartarian—Tree medium, upright, slightly spreading, hardy, 
vigorous, very productive. Fruit large, black, tender, juicy, mild, sweet. 
one of the most valuable varieties for dessert, culinary or market use, 
ripens early to latter part of July. 

Yellow Spanish—Tree medium to large, spreading, hardy, vigorous, 
productive. Fruit large, pale yellow, firm, juicy, good for dessert or 
canning purposes or local market, ripens latter part of June to early 
July. 
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Bing—Tree medium to large, upright, spreading, hardy, vigorous, very 
productive. Fruit very large, black, firm, juicy, very valuable for dessert, 
culinary or market purposes, ripens about middle of July. Very subject 
to rot. 

Smith’s Bigarreau—Tree very large, upright, spreading, very hardy 
and vigorous, moderately productive. Fruit very large, black, firm, 
juicy, very choice for dessert, culinary or market uses, ripens latter part 
of July. Somewhat subject to rot. 

Windsor—tTree very large, upright, spreading, hardy, vigorous, is diffi- 
cult to get started, very productive. Fruit large, black, firm, juicy, valu- 
able variety for dessert, culinary or market purposes, ripens latter part 
of July. Very subject to rot. 


PLATE I. PLANTING A TREE. 1. Stake where tree is to stand. 2. Planting board in 
use. 38. Ready to dig hole. 4. Planting the tree, spreading the roots. 5. Tramping 
the soil firmly about the tree. 


PLATE II. 
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PRUNING YOUNG TREES. 
3. Peach tree before pruning. 4. After pruning. 


1. Apple tree before pruning. 


2. After pruning 
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FERTILIZER ANALYSES. 


Bulletin No. 263. 


ANDREW J. PATTEN, O. B. WINTER AND C. G. CLIPPERT. 


SUMMARY OF FERTILIZER LAW. 


The inspection and analyses of the commercial fertilizers offered for 
sale in Michigan are made under authority of an act of the Legislature, 
approved March 10, 1885. The full text of the law has been printed in 
former bulletins, and its salient points alone will be referred to here. 
It provides that all commercial fertilizers, retailing for more than ten 
dollars per ton, shall be accompanied by a statement certifying the 
number of net pounds in the given sack, the brand, name and address 
of the manufacturer, and a chemical analysis stating the percentages of 
nitrogen, of potash soluble in water, of available (soluble and reverted) 
phosphoric acid, and the insoluble phosphoric acid. (Sec. 1.) It pro- 
vides that the manufacturer, importer or agent (the latter only in case 
the manufacturer fails to comply with the law), shall pay annually a 
license fee of twenty dollars for each brand offered for sale. (Sec. 3.) 
It provides that any person offering unguaranteed or over-guaranteed 
goods, shall be subject to a fine. (Sec. 6.) The full text will be fur- 
nished on application. 


LICENSED BRANDS. 


Twenty-four manufacturers and fertilizer companies have licensed 
208 distinct brands for sale in the state during the season of 1910. 
These brands, appearing in the following tables of analyses, and no 
others can be legally sold. 

Parties manufacturing or importing fertilizers for their own use and 
not for sale are not affected by the restrictions of the law. 


COLLECTION OF SAMPLES. 


The sampling agents of the Station, during the months of April, May 
and June, drew 404 samples from dealers’ stocks representing 181 dif- 
ferent brands. The failure to get samples of 27 brands is due to the fact 
that many of them are sold only in the fall, then, too, a few companies 
sell direct to the consumer through the Grange and other organizations 
and consequently it is only by chance that samples of such goods are 
obtained. If persons ordering goods in this way wish to have them in- 
spected they will protect themselves and at the same time confer a 
favor on this department by notifying us, and upon the arrival of the 
goods an inspector will be sent to draw samples. 
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It is the desire of this department to make the inspection as complete 
as possible, and any information to further this end from dealer or con- 
sumer will be greatly appreciated. In all cases of failure to find a 
brand on the market, the analysis was made on the manufacturer’s 
sample as indicated in the tables of analyses. 


RESULTS OF INSPECTION. 


A study of the tables of analyses shows that, of the 234 samples 
analyzed, representing 208 brands, 54 (28%) are below guarantee* in 
one or more constituents. Twenty-six (11%) are below guarantee in 
nitrogen, 5 (2.1%) are below guarantee in available phosphoric acid, 
2 (0.9%) are below guarantee in total phosphoric acid and 26 (11%) 
are below guarantee in potash. Three (1.8%) are below guarantee in 
nitrogen and potash, 2 (0.9%) in nitrogen and available phosphoric 
acid. 

While there are, as stated above, 54 samples falling below guarantee 
in one or more constituents, there are, however, only 10 (4.3%) that 
are more, than 75 cents per ton below their guaranteed commercia! 
value. That is, the shortage in one constituent is compensated by an 
excess of the guarantees in the other constituents. This is a very satis- 
factory showing. 

SCHEDULE OF TRADE VALUES. 
In accordance with the custom adopted and followed in previous 


years, the following schedule of prices for determining the commercial 
valuation of a fertilizer is published: 


INU OC CMe ror cece pO Mn Brenan ed pesto 1814¢. per pound 
Potash soluble in water ......... doe, SARC ee 33 
Available phosphoric acid ........... DC. ie 
Totalhephosphoric acid im bones... ss)... 4c. a Su 
Insoluble phosphoric acid in fertilizers 
CONtEAIMINGMICEOVENS i. seers eas 2c. ii ss 


In fertilizers containing no nitrogen no value is given to insoluble 
phosphorie acid. The valuation of a fertilizer is determined as follows: 
The percentage or pounds per hundred of each ingredient (nitrogen, 
available phosphoric acid, insoluble phosphoric acid and potash) is mual- 
tiplied by 20, giving the number of pounds of each ingredient in a ten. 
These figures are then multiplied by their respective pound prices. 

In the last column of the table of analyses headed “Valuation” is 
given the commercial valuation of the samples as guaranteed and as 
found based upon the prices quoted above. 


COMMERCIAL VALUATIONS. 


In calculating the valuations we have assumed that the sources of the 
various ingredients have been the same in all cases, which of course is 
not true and also unfair to the manufacturer using only high grade 
goods, as it places the manufacturer who uses low grade materials on 
the same level. 


*A shortage of more than 0.10 per cent of nitrogen or more than 0.20 per cent of available phos- 
phorie or potash is considered below guarantee. 
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However, it should be clearly understood that a station valuation 
does not represent the proper retail price of the fertilizer at the point 
of consumption. It does represent the cash cost, at the larger fertilizer 
centers of the middie west, of an amount of nitrogen, available phos- 
phoric acid and potash in unmixed, standard raw materials of good 
quality, corresponding with the same amount found in one ton of the 
fertilizer in question. 

The difference between the selling price and valuation is represented 
by the cost of storing, grinding, bagging, hauling and freighting the 
goods, commissions to agents and dealers, bad debts, depreciation of ma- 
chinery, interest on investment, etc. The percentage of difference be- 
tween the valuation and selling price should not be more than 35 or 40. 

Commercial valuations are useful to show whether a fertilizer is 
worth its guaranteed money value. Purchasers will often find them 
useful in comparing the relative values of similar brands offered by 
different manufacturers. 

The commercial valuation bears no relation to the agricultural value 
of a fertilizer, this is measured only by the increased yield of crop due 
to its use. 

The mixing of the ingredients of which a fertilizer is composed does 
not increase their crop-producing power, they would produce the same 
effect if applied separately. The mixing simply lessens the labor of 
applying the materials. 


Following are the names of parties from whose stocks samples were 
drawn : 

Adair—C. H. Lipke. 

Adrian—Cutler, Dickerson & Co., W. R. Bradish, C. C. Van Doren. 

Almont—Frank Bishop, J. #astman. 

Armada—Bailey & Ruby. 

Azalia—Calvin Critchett, Fred Banchman. 

Battle Creek—Robert Binder, J. E. Moon. 

Bay City—Goodeyne & Shindler. 

Benton Harbor—B. M. Nowlen & Co., C. E. & C. H. Hilton. 

Blissfield—Continental Sugar Co., M Wolverton, W. A. Wortley. 

Brown City—John H. Linck, J. C. Dean. 

Capac—Lang Bros. 

Carlton—L. J. Guermann, C. H. Reiser, Geo. Hoerl, B. Moore, Elmer 
Hoyt, Gorden Wager. 

Charlotte—Colburn & Fulton Lumber Co. 

Clayton—EH. H. Hutchins. 

Coloma—J. T. Vanderveer, Wm. Stratton, Rube Hazen. 

Coopersville—Lang Bros., Reynolds Bros. 

Covert—J. R. Speilman & Co. 

Croswell—Sandusky Grain Co. 

Davison—Burroughs & Wolohan Elec. Co. , Downer & Fairchilds, R. 
E. Moss, J. F. Cortright. 

Deerfield—Frank Timmins. 

Disco—J. W. Switzer. 

Detroit—The Lohrman Seed Co. 

Dryden—Frank Bartlett. 

Dundee—W. R. Haines, S. H. Reynolds. 


iw) 
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East Lansing—C. D. Woodbury. 

Erie—Choate & Benore. 

Flint—Burroughs & Son. 

Fremont—Dirk Kolk. 

Grand Haven—Speidel & Swartz. 

Grape—Elmer Smock. 

Grand Rapids—Jones Seed Co., Brown Seed Co., Eagle Hide Co. 

Hillsdale—G. A. Aldrich & Son, C. H. Burlingame & Co. 

Holland—Mulder & Lugas, Klaas Dykhuis, H. H. Zwemer, John 
Meeswesner, Albert Alferink, Henry Siersma, Geo. A. Cook & Co. 

Hudson—W. H. Rhead, J. A. Dillon, Jr. 

Ida—S. A. Kring, N. A. Weipert, John Nichols. 

Imlay City—F. Fairweather, G. W. Quirk, J. W. Taylor, Walter 
Walker. 

Inkster—Geo. C. Walker. 

Jackson—Isbell Seed Co., James Boland Fert. Co. 

Kalamazoo—Woodham, Oakley & Oldfield Co., Walter T. Vetterlein, 
Mershon & Bartlett Co., Miller, Rider & Winterburn. 

Lansing—DuBois & Hughes, The Briggs Co., Lansing Artificial Stone 
Co. 

Lawton—Michigan Fruit Exchange. 

Lapeer—Lapeer Elevator Co., R. King. 

Lenox—Ira Lovejoy, Farmers’ Elevator Co., Gilbert & Newberry. 

Manchester—Adam G. Houch, Lanier & Hoffer. 

Marine City—Joseph Babel, John Schnell, Zimmerman Bros., Joe 
FHiacker. 

Mason—Eli Han. 

Maybee—M. L. Blanch, Henry Kohler, Garmlich & Maybee. 

Memphis—Day & McCall. 

Milan—F. G. Hasley & Co., T. W. Tolladay, F. 8S. Olds. 

Mt. Clemens—John N. Tucker. 

Muskegon—John Stegink, J. E. Marvin, Joe Leng. 

New Boston—R. E. Krause. 

New Buffalo—Seigmund Bros. 

Niles—J. S. Tuttle. 

Nunica—E. W. Hass, J. D. Pickett. 

Otter Lake—Stockbridge Elevator Co. 

Owosso—A. B. Cook. 

Paw Paw—G. S. Woodworth, Michigan Fruit Exchange. 

Petersburg—C. J. Cilley, Geo. C. Cox, H. S. Logan & Son, Chas. 
Van Vleet, Chas. Wadsworth, E. Thompson. 

Portland—H. O. Beebe. 

Reading—W. M. Cahou, Rigelman Bros., E. Davie, Kellog & Young. 

Redford—-C. A. Lasher, Hugh Houk. 

Rochester—Chas. Burr. 

Rollin—L. C. Fitts. 

Romeo—Bradley & Chubb. 

Royal Oak—P. Backer, J. M. Lawson. 

Saginaw—The Henry W. Carr Co. 

St. Clair—Matt Stine, Ricor & Smith, Geo. C. Solis. 

St. Joseph—E. Burton. 
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Sebewaing—G. Gettel. 

Smiths Creek—Louie Brill. 

South Haven—Orlo Westgate. 
Steamburg—W. L. Kelley. 

Strasburg—C. W. Rau, J. F. Meyer. 
Tecumseh—Slayton & Son. 

Temperance—J. W. Kinney, A. J. Brunt & Son. 
Three Oaks—Chas. F. Bachman. 

Ulby—F. A. Brown, Thos. Richardson. 
Vriesland—T. W. Haitsma. 
Waldenburg—Louis Stine & Son. 
Waltz—Robert Waltz, Ludwig Krzszke. 
Warren—F. A. Reddick. 

Washington—John Dernberger, R. A. Teeter. 


Wayne—J. H. Lang, N. T. Johnson, Chas. Goudy. 


Willis—Geo. Freeman, R. J. M. King. 

Willow—Jesse Butler. 

Yagerville—C. H. Scheurer. 

Ypsilanti—M. Dawson, O. E. Thompson & Son. 

Zeeland—Isaac Van [Dvke, Henry Scholten, G. 
Van Raalte, Zeeland Milling Co., G. W. Scholten. 
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Jigs 


STATE BOARD OF AGRICULTURE. 


Results of analyses of commercial fertilizers for 


Laboratory 
number 


Trade name. 


Locality where sample 


was taken. 
American Agricultural Chemical Co., Detroit, 
Mich. 

9493) Banner Dissolved EOC. eieelicleletie cle retell ne rate Detroit..c- fee, ciate cee 
eas Beet i Herbilizer. scleral ieee n APR th RA sets laositvle saacdeccascc 
ee Hine sGrounGs DON = eens eee caer eee elepelsie eke Ee VIDSI AT Gilernc-posorepeke nate 
peat High Grade Bone and Potash....... 2 Ses. Sebo a ING Ite) Chopeich RMR eae ies 
oe High Grade Garden and Vegetable Fertilizer........ Milan atye.c erty tare creer 
a Maine Potatorhorimi law -siiiecrei roc nent ereeiern Blissheldwyasseee crt 
Pes M, and J. Special Manure............... ee Avzalia . 2. -- ae 
oe Michigan 10 per cent Potash Manure.............-- Yagerville.. . a 
ae ere ae eee Wallisiie ove saree cd aescerae 

DS Noi itbdeneOe Poe sodgaccerogdosodues Uae a deat See. PRES O br Orgs Ee 

2426 | Nitrate of Soe « facteteieevegeLegethn 2 os teanenepauene lees fe ooo) WECON Go poecopocance 

2546 | Bradley’s Acid Phosphate.............-..-..0000- Manufacture’s sample.. 

oa Bradley’s Alkaline Bone and Potash..... Sean Manufacturer’s sample.. 
ae Bradley's B. D. Sea Fowl Guano... 2:2... .- 600.6 Waldenburg.........- 


Found 


Found 


EXPERIMENT STATION BULLETINS. 


1910, expressed in parts in one hundred. 


Phosphoric Acid. 


257 


Nitrogen. = Potash. Valuation. 
Total. Insoluble. Available. 

STS OS Se RS PS Seer ae Aaa tp ash ne eel a 34 Se aE $34 00 
a Pa ean Mee 37.25 0.47 36.78 AS eS eee ys 36 78 
123 3S lage, ae lad | OL Ata eo Bak 9 2 16 25 
eos 11.20 0.87 10.33 173 17 05 

2.47 CTA De ese haa Sed 2 ae Ge Aarne Si eae tte er (fad No ae ly 25 09 
2.48 DBS BIT Rl treat vice tet cars |e, 9 OMT ROOD No [ eho cea ON Be 29 82 

SBiSic ace Re 12 be BAe ees 10 5 14 80 
SAA Bae ee 13.51 2.31 11.20 5.74 16 71 
1.65 ICO as Gop ee guna | lake da hk Oe 8 5 19 67 
Tbsireil 10.47 0.98 9.49 4.90 20 88 

1.65 1 ORaehs a ee S| ores eee ete 8 10 24 47 
1.89 10.59 0.72 9.87 10.02 26 74 

2.47 TO Menta oles e ee eer 8 6 24 65 

2.45 10.07 0.92 9.15 6.31 24 60 

0.82 RRB eS Neat hn Re Nie ee hie aid 5 10 134g 
0.98 Wes 0.46 6.85 10.77 20 98 

0.82 DIOP Re rin abel |crincn ieee ieee eae 8 3 14 70 
0.99 10.47 0.73 9.74 OnOT 16 52 

5 PRG SBS SO he Huet FL EERE ee oi RN VR IR gd ae em ol Oe ogee ately 49 47 04 
Sao Cece AN eRe opens ete, SAN SCONE re et i gel | NE er Ren 53.05 50 93 
TSS TS Ur AT eat eras Rare N 9 dU i ahr pc a yh me oy eA el ad ens dee oe a 55 20 
TUG Se | BERR each a Be LA BS ea RAR i a, a eR ots, St 57 90 

Figen NESS, An en 12 Ene AER Ace 10 eet ean coat acest 10 00 
2 atte Sasericieae eee 14.30 2.24 12.06 sf ee Mee Sr, 12 06 
a eR edt Se eee 12 ols Mi ae rae S 10 2 11 92 
eset eas 13.07 il OE 11.79 1.74 13 47 
2.06 SCO sia, hth | een sates ea orc 8 1.50 17 82 
2.07 10.95 1.06 9.89 1.53 19 40 
Se ee ee ee 
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Laboratory 
number 


2313 


2397 


2450 


2398 


2428 


2465 


2314 


2321 


STATE BOARD OF AGRICULTURE. 


Trade name. 


Results of analyses of commercial fertilizers for 


Locality where sample 


was taken. 
American Agricultural Chemical Co.—Con. 
Bradley’s Dissolved Bone with Potash............. Warrenville. cuenta Claimed.... 
Found..... 
BradleyzseNiararavchosphates --pricicitccemeiecniciets Milan As2ciusaebiomeicr Claimed 
HOUHGK ere 
Bradley’s Soluble Dissolved Bone...............-- Grand Rapids........ Claimed.... 
: Found..... 
Bradley’s Special Potash Fertilizer................ Wipsilamtivry-ciscereeeee Claimed.... 
Found). 2... 
Crocker’s Ammoniated Wheat and Corn Phosphate..| Mason...............- Claimed.... 
Found..... 
Crocker’s Dissolved Bone and Potash.............. Memphis ¢ -iscteclevere Claimed.... 
Jay A AG 3 
Crocker’s Dissolved Bone and Potash.............. ADH Os eiaktg convo cite qi Claimed 
Foun 
Crocker’s General Crop Phosphate................. IMaSOMS 5 csc lcnerere eit uate Claimed 
ound er 
Crocker’s New Rival Ammoniated Superphosphate...| Erie................-- Oa see 
OUNG ar. 
Crocker’s New Rival Ammoniated Superphosphate..| Lapeer............... Goren ites 
oun 
Crocker’s Universal Grain Grower................. NTIC wecaae- tes, sreeeeeeuee tte Claimed 
Found..... 
AI PObASH HE CLUUZe Rete rtereretaiceneeiceelcrcnercieoretetenere Wialtizie) oo sv aiitertereieks Claimed 
Foun 
A=I Potash Pertili zara. ofcne «eistcie serous sete aels tieaererae Strasbure: nae eee Claimed 
Found 2s-* 
MichseotashEHOsphate'st oisiciaisi circa oleae fois Wblygacieeee oer Claimed 
Found!=~ .-:- 
Reaaune Complete Manure... i «50 sonic melee Canltonee sneer rne Claimed 
Hounds, <= <1 


EXPERIMENT STATION 


1910, expressed in parts in one hundred. 


Nitrogen. 


Total. 


10 


12 


12 


11 


11 


10 


10 


10 


12 


aul 


13. 


13. 


11 


12. 


10. 


10. 


10. 


13. 


.02 


.00 


.00 


30 


45 


47 


-49 


22 


93 


68 


17 


97 


.67 


Phosphoric Acid. 


Insoluble. 


Available. 


10 


10. 


11 


11 


.30 


.76 


44 


.92 


-13 


61 


.03 


.80 


.68 


64 


-81 


-23 


BULLETINS. 


Potash. 


1.%5 


-92 


79 


83 


259 


Valuation. 


51 
46 


STATE BOARD OF AGRICULTURE. 


Results of analyses of commercial fertilizers for 


Laboratory | 
number 


2508 


2452 


2567 


2402 


2430 


2317 


2318 


2319 


2386 


2322 


rade aries Locality where sample 


was taken. 
American Agricultural Chemical Co.—Con. 
RedplLinegenosphate nce s seerersetersii-tleleusietere cele st -torl East Lansing......... 
Red Line Phosphate with Potash.............. Lf Muskegon js sccte sc aiss 
Red) Line) Phosphateswith’ Potash... 3.0... <<: DAVISON, ciekoietepe crersiers = 
WiOlVeErIne sehOSsplabe tar reacler-tiocets ol siekololok-telslelveeterorel- Maybee . * OO SoA 
Homestead Best Potato Fertilizer................. Wipsilantitee cere 
Homestead Best Potato Fertilizer................. Muskegon........ an 
Homestead Bone Black Fertilizer.................. Wialltzis.s ch smusouee sc tevcners 
Homestead High Grade Garden and Vegetable Fer- 

THIN SIDA BOP & SE ace (ee, cing ea at ris aint aon e er eto ge Carltonnvs ase hoes 

eae See Coe she (eh cka oho eas Petersburg..... 
Homestead ay Mertilizenae cys! svopis) rockets Wir tilins sagnooecoc 
Homestead 10 per cent Potash Manure............. Petersburesn am ccc 
aes Dissolved cee Potash® ces ascites Adail’s siteiieie cs sons 
Niagara Grain and Grass Grower... ea Sola sold a Wayne aia cieie © emery 
Niagara Potato and Vegetable sak Boao § eas INGE IMNGG Soo Cabos OO bec 


eeeee 


Found 


Claimed... . 


Claimed.... 
Found sy 


ce ere 


Found 


ee eee 


Nitrogen. 


ee ey 


ete ee we we we eee 


EXPERIMENT STATION BULLETINS. 261 
1910, expressed in parts in one hundred,—Con. 
Phosphoric Acid. 
Potash. Valuation. 
Total. Insoluble. Available. 
Gee ee Pa atriecs tee ratpatstsy. NE: Sieh Pale a he A i vag $14 00 
19.05 1.96 FLO GE Overs wet croton 17 09 
De rats eotscereasterer 10 2 11 92 
13.37 1.56 LIST 1.69 13 438 
1 EO eR Reet NW NS mcs ars otc eich 10 2 11 92 
13.45 1.41 12.04 1.63 14 61 
1 Darl Se oll i curicts cpechc SEAC LOR ee yee we rctet acento: 3 10 00 
13.14 1.84 IR SOMN Mehexscstercrenstetcaetes 11 30 
LOR cee ieioterainesettckecetetet 8 10 24 47 
10.32 1.16 9.16 9.52 25 25 
Oe See eterectaterctegeseiere 8 10 24 47 
10.45 0.62 9.83 10.03 25 78 
NOs lg PEO il Pietetteoete cestetetelene 8 1.50 17 82 
10.85 0.99 9.86 1.56 20 08 
LOY SA egrets aby veya 8 5 19 67 
11.46 2.07 9.39 5.00 21 20 
VO PP Ree il taiet Cages iesecierevers 8 5 19 80 
10.44 0.84 9.60 4.93 21 41 
EE | a 
1 eee tee We Geer cite Rout ene 2 16 25 
11.60 0.77 10.83 1.80 18 02 
ae eee” Byline seakictscerakers ereite, | 10 18 42 
7.51 0.46 | 7.05 10.87 21 41 
eee ma all oA pe See wen ere 10 Zo 11 92 
13.62 2.05 ah das ilerAl a I ee | 
i ere | acta CIM nD ee | ri 1 Hah 7/ 
9.42 1.64 | 7.78 1.06 12 55 
LON FP ON a errcc tage tadscercieretale 8 3 19 26 
10.17 0.89 9.28 3.49 21 61 
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STATE BOARD OF AGRICULTURE. 


Results of analyses of commercial fertilizers for 


\ 


Laboratory 
number 


Trade name. 


American Agricultural Chemical Co.—Con. 


Horse Shoe High Grade Vegetable Fertilizer 


Horse Shoe Special Onion and Vegetable Manure... . 


2323 | Niagara Wheat and Corn Producer 

2521 | Horse Shoe Acidulated Bone and Potash 
or ee Shoe Animal Bone Manure 
cm Horse Shoe Corn ae Wheat Grower 
2326 | Horse Shoe Garden City Superphosphate 
2327 ae 
Le Horse Shoe Potash Manure 

a, Horse Shoe Quick Acting Phosphate 
Bie woe tin ana Veena 
2403 | Horse Shoe Sugar Beet Fertilizer 
re ies Shoe 10-5 Potash Manure 

Bes: Horse Shoe 3-8-6 Fertilizer 


2330 | Boar’s Head Corn and Wheat Grower 


2331 


Boar’s Head Faultless Grain Grower 


Locality where sample 


was taken. 
WA ATIAMy js oho ane Ontos Claimed 
Hounds so. 
Manufacturer’s sample..| Claimed.... 
HouUndE ea. 
IBTisshelde eer ccmmieractas Claimed.... 
Found..... 
IBlissfield! satay meri Claimed.... 
Found..... 
IBlisshieldia cc ces eee Claimed 
Found..... 
AGTIaMtevens o1e.e ei ees Claimed 
HouUNGe =i. 
IBlissfield!ss eminent Claimed 
Tafoywhavolss 5 4 
WI DMs oan on conDo tc Claimed 
Round sae. 
Manufacturer’s sample..| Claimed.... 
Hound. 
tn dee: sane, Sewer eter Claimed... . 
ound. <1. 
BIKA OUaysacgsconiccc Claimed.... 
Hound.) 
Blissfielde 5... semractcton Claimed... .- 
omnis. 
Temperance.......... Claimed 
HOUnG seer 
Temperance.......... Claimed 


EXPERIMENT STATION BULLETINS. 263 

1910, expressed in parts in one hundred.—Con. 

Phosphoric Acid. 
Nitrogen. Potash. Valuation. 
Total. Insoluble. Available. 

iL 57-8} 1B oP lid re cricen vireo eee 9 2 $16 25 
1.34 1 Vee) 0.30 11.42 PoP Al 18 61 
0.82 DRS Sey al bie che: oretenccanerne 10 1 14 78 
1.04 13.40 Il Sil 12.09 1.08 17 48 
ORSZinseet ole Ol. Fad Alan crn es auc 1 Lis 
1.06 10.36 0.48 9.88 1.83 IBS 7) 
1.65 NG ge he ka) ella cho Cth oreches 2 16 79 
1.66 11.25 0.76 10.49 BNP 18 94 
2.06 LOS Fs. eave tira eee Soe 1.50 17 8 
2.38 10.67 O57 10.10 1.69 20 72 
1.65 NOR ete wilt eae Givers Sac c 5 19 67 
Were 10.90 0.80 10.10 4.98 21 64 
0.82 VOb re Fateh c-oscs Sete2 8 3 14 70 
0.84 10.32 0.67 9.65 3.14 16 04 
AS OSD cae dete 12 RP cad iiey Sys cbie hot elysivai's 10 See Oo ee 10 60 
Breer ere iercs coieia weeks 13.85 1.83 12.02 ea ra ire ait pee 1202 
ORS 2 Reo, eas ame cy eieorweti ns opel KE vonsninz de yclaWer atchanahe 10 18 42 
0.83 6.75 0.58 6.17 9.973 18 81 
16.733} ST pegs Sse teeters |g wee sec. ea aree Wane Nos 9 2 16 25 
133 10.71 125 9.46 1.95 16 73 
BAP tencMeler ete aN 12 SMauae weal evened aeonavis 10 5 14 80 
ae Ch See ete 14.00 2.14 11.86 6.07 17 69 
2.47 OS il Peter kiwress eerste 8 6 23 65 
2.68 10.42 0.69 9.73 5.90 25 55 
L165 LO Sieh ppl commas |lotoeeve ton tettei scaler: 2 16 79 
1.88 10.72 0.54 10.18 2.00 19 04 
OSS 2a | vi) gee wens Oeics ales llecstachs erate acess lk 1 11 78 
0.83 9.57 0.70 8.87 1.29 13 45 


264 STATE BOARD OF AGRICULTURE. 
Results of analyses of commercial fertilizers for 
Pe 
mK 
3 
Sic Trade name. Locality where sample 
Os was taken. 
Qs 
3 
4 
American Agricultural Chemical Co.—Con. 
2332 | Boar’s Head High Grade Vegetable Fertilizer....... Temperance a. ceneed 
ound? 
2404 | Boar’s Head Potash Phosphate Fertilizer........... DNV AD We: Wes pantn crclices. p sbaice Es Claimed.... 
Found..... 
2454 | Boar’s Head Soluble Phosphate................... Hollandteeeoaeseoeee Claimed.... 
Hounds 
25234\ebOars Head Sugar Beet) Grower: 2. ..a0.2«-o6 0 © lee Manufacturer’s sample.. Cae ehces 
ound... 
2333 | Boar’s Head Sure Growth Potash Manure.......... Temperance.......-.- Claimed.... 
Pound's... 
2334 | Boar’s Head 10% Potash Compositiou............. Temperance es. c's ei el Claimed.... 
Bounds. .-- 
The American Fertilizer Co., Chicago, Il. 
2392 | Union Brand Complete Crop Grower.............-- Mecumsehe..sccsteeee Claimed 
Hound... 22. 
2385 | Union Brand Corn and General Crop Grower........ LU GSON gee ars eet Claimed.... 
Hound= cn. 
2393 | Union Brand Gardner’s Favorite.................- wecumSehiessrsreieesiee Claimed 
Houndesr ee 
2431 | Union Brand General Cropper..............+-s-->- Sqoslkiails oe pcens oss ac Claimed.... 
Hounds. 
2394 | Union Brand High Grade Phosphate and Potash....| Tecumseh............ Claimed 
ound soe 
2525 | Union Brand High Grade Acid Phosphate.......... Manufacturer’s sample. Plauned 
oun 
2524 | Union Brand High Grade Celery and General Trucker] Manufacturer’s sample. canned. soe 
ound» rr 
2432 | Union Brand High Grade Sugar Beet Grower. . Strasburg acini Claimed.... 


Nitrogen. 


EXPERIMENT STATION BULLETINS. 265 

1910, expressd in parts in one hundred —Con. 

Phosphoric Acid. 

es Potash. Valuation. 
Total. Insoluble. Available. 

MO Ue Nicallica tte stern onstercsos iene 8 5 $19 67 
10.55 0.93 9.62 5.02 21 29 
LO Bekah ell teestctehe oleaey sacarskt >. 8 10 5 14 80 
12.65 1.80 10.85 4.87 15 52 
DT rms bier rea oo oieee As TOW, Moped oh es Sls Rucvased sie layaecte 10 00 
13.75 22, h Ea Re os ee scence ciceeion 11 63 

i} 
1 Lt ee eee icasictms crcemintcty 2 otter 2 16 25 
TAWA) 0.96 10.79 2.06 17 61 
Org. edie cea egencuotepsncetncusiceasreue 8 3 14 70 
10.55 0.64 9.91 3-8 16 57 
Meee salle sdecotcvkcnvoptonoack 5 10 18 42 
7.30 0.41 6.89 10.37 20 38 
ior chapead Sanaa 1.50 8 16 59 
9.40 0.58 8.82 2.30 17 66 
Oe ene oc if 8 4 15 26 
Taha 0.92 10.20 3.94 17 44 
ae cane 2 9 10 31 54 
10.46 0.27 10.19 ial 7/55 33 41 
ERS OOm SOC 1 8 1 12 38 
eS 1.62 9.53 0.93 P5s0n 
Miciapehan sees cj aiowebens 1 10 2 11 92 
12.27 0.78 11.49 2.47 13 86 
Seva age 1 14 Sera ee cestenspaaetione 14 00 
1.700 0.74 G26. Y Blo eratgatencroenerche 16 26 
ede cellar opeadteachs es 1 6 10 19 02 
8.35 0.74 iol 10.86 22 90 
sbovvene ayer ata Serge 2 8 5 22 80 
10.57 2.26 8.31 6.06 21 77 
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STATE BOARD OF AGRICULTURE. 


Results of analyses of commercial fertilizers for 


Laboratory 
number 


2433 


2395 


2434 


2526 


2338 


2335 


2405 


Trade name. 


American Agricultural Chemical Co.—Con. 


Union Brand King’s Favorite 


Union Brand Onion, Potato and Vegetable Grower. . 


Union Brand Pure Bone Meal and Potash 


Armour Fertilizer Works, Chicago, Ill. 
All Soluble 


Crop Grower 


Crop Grower 


Crop Grower 


oe ae ne Ce 8 6 Re a © 6 ie me wee 


Locality where sample 
was taken. 


Redford 


Manufacturer’s sample.. 


Blissfield 


Blissfield 


Redfora 


Holland 


Zeeland 


Claimed... . 
Hounds eas 


Found 


Claimed.... 


EXPERIMENT STATION BULLETINS. 267 

1910, expressed in parts in one hundred.—Con. 

Phosphoric Acid. 
Nitrogen. — Potash. Valuation. 
Total. Insoluble. Available. 

ORS 2 ye) heme ei raha 8 3 $14 30 
1.03 10.55 1G By5) 9.20 3.06 16 47 
GH me» Me oe Fe mee 1.50 Ui 21 39 
1.49 9.50 0.54 8.96 9.24 ZomOe 
Tot enn Fs aa oe 5 8 S00 cto Saar aca |aataee sre akg Aen ee 8 | hee ae oar 
Disteyoia i, Ma PaSOn ee EMER Sioa 0.50 8 4 22 64 
2.96 i Been 2.40 8.72 Raye Pasay Ko 
Dative oe meet Ne rte Meee eee 0.50 6 2 If PAL 
2.20 8.15 0.98 Chollze 2.67 18 22 
OBS 2h gee Nib ener. a ns 0.50 8 83 14 10 
1.08 Son 0.48 8.09 3.64 1135, 7/53 
bee Cs ECO Ee GREET | CRE o oe ee 0.50 10 8 17 68 
HietEY Beatie es Bee 10.57 0.26 10.31 8.48 18 45 
4 BON ont a ee 0.50 8 7 30 04 
4.21 12.05 1.54 10.51 8.77 35 05 
2.47 PHN 6 eine 2) etl yi egesh tetas cnet fs Cent Nee EE na ene a necro tire Cte 28 29 
247 ZA OOK olietecatarer carey eitctrawaes, chee Stele) fone eyalthm ee arareuee avieisuempur re 28 29 
1) 948) Wee coh a Scene 0.50 2 14 65 
0 98 10.35 0.64 9.71 2.96 16 41 
JE OASIS gE ual ae ees ied ies ce 0.50 8 14 65 
1.05 9.42 1.24 8.18 6.35 18 64 
(Aloe Se aes cores eee 0.50 2 14 65 
1.20 9.95 0.72 9.23 2.59 16 43 
i ITTY aad) Wen | Rocce eitteee rn Srereee 0.50 5 19 07 
1.45 re, 2.29 9.43 Daoe 20 81 
A al NR ain ee 0.50 8 5 19 07 
165 9.77 Ont 9.00 5.88 21 03 
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STATE BOARD OF AGRICULTURE. 


Results of analyses of commercial fertilizers for 


Laboratary,. 
number. 


2469 


Trade name. 


Armour Fertilizer Works, Chicago, I1].—Con, 


Fruit and Root Crop Special 


Fruit and Root Crop Special 


Grain Grower 


High Grade Potato 


Phosphate and Potash 


Star Phosphate 


a cwhe) exjelis) ele), e)e)|o° «4! \0},07\4),6) 61 p}i6) e{ je e/e) siete 


Nitrate of Soda 


The Bash Fertilizer Co., Fort Wayne, Ind. 


Bashumus Big Crop Producer 


Bashumus Big Truck Grower 


Robert Binder Est., Battle Creek, Mich. 


Binder’s Blood and Bone Fertilizer 


Locality where sample 


was tak 


en. 


UG arnt iapaiin etereveustens eters 
ee arena dcnarears ie 
“eri. s-cske 
pee ins 


Manufacturer’s sample.. 


Manufacturer’s sample.. 


Claimed.... 


Claimed.... 
Found 


Claimed.... 
Found 


EXPERIMENT STATION BULLETINS. 


1910, expressed in parts in one hundred. 


Nitrogen. 


CSO) CeCe OPO Ce OOO 


1.65 
1.69 

0.82 
0.92 

0.82 
1.00 

15.63 
15.83 

1.60 
1.98 

1 

1.42 

5.25 
5.29 


Phosphoric Acid. 


Total. 


17.51 


13.17 


Se Oda 


Insoluble. 


0.40 


269 
—— Potash. Valuation. 

Available. 

8 5 $19 07 

10.86 5.62 23 87 

8 5 19 07 

8.81 6.56 20 90 

2 16 19 

10.41 P15) 19 11 

8 10 : 23 87 

9.62 10.03 25 66 

10 2 11 92 

11.68 3.10 14 66 

AMS mete ah ee ane orate 14 00 

EATS. Ee iateveia vcvsvaycrovecsc evs 14 41 

RT cee rae hae alert tereten a ereT ome tae P20 

SORIA REND ETA N| DRE sare ed Dea Ni arn 8 20 23 

8 4 15 06 

8.88 4.39 16 59 

1 ig le as} 

8.32 1.28 13 70 

MAG ne atetsle cle ee iee diet chee et 5752 

She Meee acL ts Ont aR on 58 25 

8 2 16 61 

10.35 Boe) 20 96 

8 8 19 76 

11.02 9.20 25 24 

0.29 30 13 

11.25 1.60 34 04 
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Laboratory 
number 


2529 


2459 


2341 


2439 


2545 


2554 


2442 


2559 


2530 


STATE BOARD OF AGRICULTURE. 


Trade name. 


James Boland Fertilizer Works, Jackson, Mich. 


Blackman General Crop Brand 


eee 


Buffalo Fertilizer Co., Buffalo, N. Y. 


Ammoniated Bone Black 


Celery and Potato Special 


a} ovsuite) |e) (esa, /o10¥e,01ee Kel cree 1eteis eels, 


Farmer's Ckoice 


Garden Truck 


Soluble Bone 


Soluble Bone 


York State Special 


Locality where sample 
was taken. 


Manufacturer’s sample.. 


Ypsilanti 


Petersburg 


Grand Rapids 


Kalamazoo 


Kaiamazoo 


Petersburg 


Coopersville 


Grand Rapids 
Owosso 


Manufacturer’s sample.. 


Results of analyses of commercial fertilizers for 


EXPERIMENT STATION BULLETINS. 271 

1910, expressed in parts in one hundred.—Con. 

Phosphoric Acid. 
Nitrogen. — Potash. Valuation. 
Total. Insoluble. Available. 

LPS a Mie Seeirapaes eee Ache, Sn bo Ib on ae Chee ere Uf USPHS) $12 80 
PINS L ( 14.00 5.68 8.32 1.45 21 44 
DOOM be 'Iitw. keer yet epee Matalin cadre sereceler ciate 10 3 22 08 
2.28 11.77 4.78 6.99 3.38 20 49 
LADS Se pl |S ep aeaeeeet te Pane 1 8 2.50 15 33 
1.70 10.36 1.74 8.62 2.58 18 06 
2.88 77 ae ipa Rea 8 \eichees CHORES SO CH (ER TARE IEICE ROR IO CORREA A RA 28 19 
3.06 PRY os i | EMU RY chem CRMC eal Lp OA IRA, Tae Re ann] | ah ape Seine ty 30 18 
aes | = = 
PaGaL wall Ser. soar: 1 8 10 24 03 
1.97 9.80 0.66 9.14 10.21 26 46 
OSS 2iew es \Pertachomnseta ce cies 1 8 5 16 22 
1.07 11.47 0.93 10.54 5.21 19 85 
5712) ol eet Sn OE eB 7 2023 
3.06 9.30 0.82 8.48 7.96 27 70 
ee atime Ci catn shaven Sate cae 1 8 hi Bait 2: 
1.59 9.75 1.65 8.10 7.94 22) 23 
SOE eh ea epee carro cles 1 8 7 Pel PRB 
1.67 10.65 1.16 9.49 6.92 22 74 
CORE chat Sie clei eects Bee 1 9 3 11 88 
Brotha ener ohokuncyae eacd 10.85 .90 9.95 3.46 132% 
ORS ees eee 1 10 1 14 38 
1.00 12.92 2.02 10.90 1.06 16 41 
See Reak yong: oe shel lace toy aie he icn ve ra i 14 RC er oe 14 00 
A eee 13.63 1.25 12.38 ARRAS. DIGI € 12 38 
naa ian tee ys Weraye te cau sill aca stene Be wen deemotae 1 14 Lo aeEt LON ANS ote H 14 00 
Rises sn arenes er te ie 19.60 0.72 18.88 Stents eles ble are 18 88 
3 LAG Ue oe Peal Leeaenases Eke aT aia 1 9 5 20 24 
1.67 10.67 Ib PAE 9.40 8.28 24 O1 
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OF AGRICULTURE. 


Results of analyses of commercial fertilizers for 


Trade name. 


| Laboratory 
number. 


| 
| 
| 


Buffalo Fertilizer Co., Buffalo, N. Y.—Con. 


Ovi) |) IMGUET ION Te ERIlS 5 nooo op ganged oosooo suaopaeO docs 
ie eae 7 reread oe ei ane 
ae ae Acid ae BAe pCR Patent Rite ae tee 

2387 Be ee, and Mees 

2551 | Gleaners Favorite........... ie, Ree Neen y 

2388 | Gleaners-General Grower....... ae Asta ey Ser a 

2389 | Gleaners Phosphate and Potash.......... Pe 

2390 | Gleaners Special.......... ee Heb ooo aoe 

2569 | Gleaners Special..... Ee Sete eae bh 
ae E. Burton, St. Joseph, aa 

DALG ll eMeatran de SOneweNOspUateCr. cir cucmuciet- tiie tenet eenel oie 
er Cincinnati Phosphate Co., Cincinnati, P me 

240 fal eCapitaleblacks Soll Hentilizerne siento ce ver tevanes 

2532 | Capitol Bone and Phosphate Mixture Wheat ry 
Rei Capitol Dissolved Phosphate and Potash......... a 

2409 | Capitol Grain and Grass Grower..... 5 Se niniot rane e 


Locality where sample 
was taken. 


Grand Rapids 


Grand Rapids 


Manufacturer’s sample.. 


Willis 


Manufacturer’s sample.. 


se eee 


Claimed.... 
Found 


EXPERIMENT STATION 


1910, expressed in parts in one hundred.—Con. 


Nitrogen. 
Total. 
Fey. (ll aethirvarcea atetatote ees 
MRD 5 |) Allonavarenehctese s aioe 
A ES a ae (Aaa 17.40 
AGA Te liad tatese se ete 
1.50 9.05 
TAG Awe Aili r- pot cvensscysys! ocetersna 
1.57 11.87 
ORSQ ere Uravrets to ctrrex nates 
ios 9.35 
pe ot An 11.86 
OES QI ie eee crecspesa ere 
1.09 9.27 
OFS2G TT kn oceasee ccs 
1.19 1).85 
SS eee — 
4 
4.81 10.20 
i rene oot Ae Ae # 8.30 
PIGOTT) lie eee ates te eactolcae 
1.84 16.90 
poe raekaes a ae lal 1g 
ORBO Wee el Wescicccictoucss oct aiee 
0.89 11.40 


Phosphoric Acid. 


Insoluble. 


BULLETINS. Die 
—— Potash. Valuation. 

Available. 

bE eis oes enon 48 $46 08 

S crshaeuanerenetavele ere 51.02 48 98 

Paina oli Olona lina capeoIrci ice 55 20 

Me eseceea tee eee encanta 56 17 

Ae PTO dee conc et orn terete 14 00 

U5 O4  NWecectes euspeteaeins 15 54 

8 4 18 28 

8.21 3.93 17 84 

8 4 18 28 

10.97 5.28 22 18 

10 14 38 

8.44 Sei 17 58 

10 Pe 11 92 

10.88 1.95 12 75 

8 15 26 

8.36 3.22 15 82 

8 4 15 26 

9.70 Dialed 19 50 

15 0.36 30 07 

8.30 0.37 27:12 

6 10 15 60 

6.58 9.84 16 02 

10 i 19 25 

11.30 1h avs 21 92 

10 13 84 

10.39 3.95 14 18 

13 26 

10.32 PATE 16 69 
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Laboratory 
number 


2563 


STATE BOARD OF AGRICULTURE. 


Results of analyses of commercial fertilizers for 


Trade name. 


Locality where sample 


was taken. 
Cincinnati Phosphate Co., Cincinnati, O.—Con, 
Capitol Tobacco, Potato and Beet Grower.......... Willist <): en sas Nee 
Capitol Truck and Tobacco Fertilizer............ 7 Wallish nacre oe Raa 
Capitol Truck and Tobacco Fertilizer. ........... a Grand eva pidsi sree 
Capitol Wheat peas eel apep aie ena eiare yale aan See erereteney) Willis .vc2pa.c).sst cei 
Darling & Co., Chicago, Iil. 
Bisse opasheBbran denise. sco cicero Washineton= cm. ciane 
Big Potash Brand. . 7 Sra Ne eer eaee dere sc ee le eee Tmiay.Citiy -1---< - 2) 
ae ee a Senctaestetere Southvbavene sess 
Harmers; HavoritesBrand= onc ocneericiceeme eee Manchester: . <4. 1-405 
General Crop Brand. fe aie: setae ee Pak ReaGgings 40ers arse 
General Crop Brand. . ee Aer eines i. Imlay City. . = es 
Phosphate and Potash Brand ages 2: ee Mit. Clemens. 4=. s.cer 
LP ea oe Brand.. SM Sees a) ae 
Pure ah oe ee ee Lansing..... ae 
ae eee : eat aoe co sigust Beteheveasionws Portland. . a ee ac 


eye) ehebe 


se eee 


ace iaee 


Claimed.... 


EXPERIMENT STATION BULLETINS. 275 

1910, expressed in parts in one hundred.—Con. 

Phosphoric Acid. 
Nitrogen. Potash. Valuation. 
Total. Insoluble. Available. 

ORSOP RT 5 |lyrotncs crete cis eters 4 $15 18 
0.84 10.00 0.64 9.36 4.30 16 84 
TCO) tar Eoierecasvgs eoxeersick: 1 6 18 05 
1.23 9.34 0.68 8.66 5.24 18 49 
IE GORE (| ecedecisee eta norete 1 6 18 05 
1.46 8.57 0.92 7.65 6.92 20 04 
Bac eer Oe OARS Crt RTE | Cece oar en Ne 12 Reg A aby sistausrers tevepe 12 00 
ey Prono FIO aeean 16.30 3.38 12.92 Bee abst, o tiske revoke 12 92 
IRS Sw [oeheaeee, cetera oh Z 8 10 22 93 
1.43 11.87 1.97 9.90 9.53 25 10 
OMe, locate Cuiaeent spor 2 22 93 
1.19 12.12 2.62 9.50 9.44 23 98 
AIG Bieter tee | lh Sewtereronetena, Sesverase 2 8 2 16 79 
1.88 12.65 PAST, 9.88 2.05 19 77 
DAT Re © lNerekstonsncisceeu stave aces 2 8 4 PA Gs) 
2.45 15.06 Beas) 11.81 4.16 PA) UP 
OR S2pe) 8g ect ca ctoe 2 8 6 17 58 
ilgsy4 11.05 0.91 10.14 5.68 20 82 
a ates der Nees = is eS 
OBSZe Oy oes nSshaerscre Sens ok 2 8 6 17 58 
Pz PICO 1.68 9.92 6.06 20 90 
ele Mattern tene ce bo. aise: | hones sits) alosy an sare (abril o ialbeiks, ite asstnahvacar a? alle 10 11 92 
Bei cane. eee one 12.54 1.42 LL 1.62 12 68 
caticys eapelionee ome to hea che} lhe Wega hak cee neeeeges baci ov enel eget ahiny wishes clsoy'scanace 2 i192 
sy snot aunyehattale vats 6 11.07 0.56 10.51 1.94 T2537 
2.14 PAV SANS are ALS A Po cece (eRe RAMON EIONS 29 75 
1.14 ZesAQ Ne Moree y ee sone heck te oil Gaeuatatansusnshetansaee ts 7.01 32 86 
2.47 DS aeee SL LIRA ey ae ere och ver erst] ret len strane Papas | che re det WTA scolds tages 3 27 49 
3.01 PHL ai) 0 IRAE SE rete, Sica | [PRCRERE RO RCs, Oy CACTI Old ta CaCI Cane ea 32 92 
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STATE BOARD OF AGRICULTURE. 


Results of analyses of commercial fertilizers for 


Laboratory 
number 


2344 


2533 


2534 


2473 


2535 


Trade name. 


Darling & Co., Chicago.—Con. 


Sure Winner 


German Kali Works, New York,N. Y. 
Kainit 


Muriate of Potash 


Sulfate of Potash 


Grand Rapids Glue Company, Grand Rapids, 
Mich. 


Grand Rapids Fertilizer 


Grange Fertilizer Co., Detroit, Mich. 


All Crops Special Fertilizer 


Complete Manure 


Corn, Oats and Grass Fertilizer 


High Grade Concentrated Wheat Manure 


Potato and Vegetable Fertilizer 


Wheat Fertilizer No. 1 


Locality where sample 
was taken. 


Manufacturer’s sample.. 


Portland 


Manufacturer’s sample.. 


Benton Harbor 


Benton Harbor 


Carlton 


Manufacturer’s sample.. 


EXPERIMENT STATION BULLETINS. 


1910, expressed in parts in one hundred.—Con. 


Nitrogen. 


Phosphoric Acid. 


Total. 


Insoluble. 


CC ee ee 


.82 


Available. 


Potash. 


3.09 


4.15 


12 


277 


Valuation. 


e 


278 


Laboratory 
number 


STATE BOARD OF AGRICULTURE. 


Results of analyses of commercial fertilizers for 


radeenane: Locality where sample 


was taken. 
Grange Fertilizer Co., Detroit, eee ees 

243 Wiheat Hertilizer With sPotasberr yer cere. cite ie lare ai Milam? esc. aoa nee ep ee 
ee Pete t tee) Co., BES a pa ere eet 

2349 | Calumet Bone Black Grain Grower................ CankGoni 3 eros crekomrae 
ae Calumet es. and Potash. Ps Satara ais ie Maybee. RE 
saath ae ee ae, ee siete ventas ae ioe é ee 
ees: i eee GrOWeL a ema erates ie COMO Oe shone oc hie 

2351 Paine Grain An a Sey Strasburg , ele 
as) Calumet High Grade Bone oe and Potash..... INGENICS Boa eds 
Tis lhcitumset tipe crdecaraan anaivecceatte Grane ruaie | a 
wack pee ES eee oe and ae ewe AUR ere Adrian... re: 

ee eee Si nea ee 
er Pa op es ee = Pee ...| Manufacturer’s nea 

Bijb | Calimet peal gtdho nnacaa Rohwer Giger | balm 
52) \eiuret Special Fotta,-Tobange mndOnionl Giawani| COLE, uae ee 
Bre ati ra spent Pome Gone eat ond Pouca |S 


1910, expressed in parts in one hundred.——Con. 


Nitrogen. 


EXPERIMENT STATION 


Total. 


. 60 
iba (26 


0.82 
1.25 


Phosphorie Acid. 


Insoluble. 


BULLETINS. 


bo 
~I 
vo) 


Available. 


199 


Potash. 


Valuation. 


Me ROPES 1 1.59 17 42 
10.72 0.50 10.22 2.31 20 30 

L 10 2 11 92 

13.50 1.22 12.28 2.11 14 31 

SO DieLe coi Cena il 4 15 26 
10.32 1.18 9.14 4.77 17 80 

Ts Hc ee eee 1 7 30 21 
10.27 0.83 9.44 Gell: 29 90 

Sorcha Omom peo De 1 2 16 21 
10.35 0.74 9.61 2.45 18 78 

SiaNenove lays, shee are 1 10 5 14 80 
12.45 0.51 11.94 5.21 16 94 

ne BE NOH ED OIE 1 8 6 21 52 
8.32 0.78 7.54 7.59 20 69 

Haein nigetietahadc 1 i+ 09 
10.90 0.91 9.99 5.21 21 83 

date) leita BOA Golnbls Ol ok olbidxyee gos die ole ebeded 26 07 
GeO N\eeeena ‘oscigantallao colon ode slo coawodoo cmos 30 03 

Sdinc ne pete acl lidtie Seas ee 8 26 70 

22.70 1.00 21.70 8.80 29 92 

BAS ec itue tye o tate es Te 1 8 10 23 89 
9.92 1.06 8.86 8.67 22 98 

eae 6 OO eb Oto 1 10 23 89 
11.05 1.44 9.61 9.00 25 35 

PAU ee be Bele i loic.o.c cio meme Ein O [eis chouehokdotan ota 4 22 86 
2pictie Wome oecs condltoors anoboaoods 4.25 27 36 
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STATE BOARD OF AGRICULTURE. 


Results of analyses of commercial fertilizers for 


Laboratory 
number 


2358 


Trade name. 


Hirsh, Stein & Co., Chicago Ill.—Con. 


Calumet Special Pure Bone Meal 


Calumet Special 10% Potash Manure 


Calumet Sugar Beet and General Crop Fertilizer 


Calumet Universal Crop Grower 


Calumet Wheat, Corn and Oats Special 


Muriate of Potash 


Locality where sample 
was taken. 


Manufacturer’s sample.. 


Adrian 


Ce 


Hillsdale 


Manufacturer’s sample. 


The Jarecki Chemical Co., Sandusky, O. 
Black Soil Special 


C. O. D. Phosphate 


Lake Erie Guano with Phosphate and Potash........ 


Number One Guano with Phosphate and Potash... .. 


Special Sugar Beet Grower 


Square Brand Phosphate and Potash 


Carlton 


Blissfield 


Carlton 


Oe NCPC Oe CC) co) 


Claimed.... 
Found 


Claimed.... 
Found 


elie? exe 


Found 


EXPERIMENT STATION BULLETINS. 281 
1910, expressed in parts in one hundred.—Con. 
Phosphoric Acid. 
Nitrogen. —— SS Potash. Valuation. 
Total. Insoluble. Available. ; 
0.82 ZOE Tele MPS Fe easy znedaneeatan ete llerey eecan soos lana reusducc\ ayes so] Rotations leitatat ar eee toperane $26 84 
1.18 SAOOM allen rarcteecct etter ail actos chersucenner one tenel liom area) otereuaicns Cremee 31 54 
ORS2ite Ob valliesces arden ects 0.50 5 10 17 82 
0.98 6.37 0.32 6.05 10.90 20 26 
PD Sie Mart j|lay-ttes omer eeseariectyovees 9 2 15 85 
1.39 13.20 2'..22 10.98 Qe 19 63 
Th 6 Sk ML eae ceca eee 8 2 14 00 
0.93 10.95 1.79 9.16 2.08 15 30 
ORSOR tay ile sie-cu eee ects 1 a 1 11 30 
0.84 9.22 1.34 7.88 1.15 12 61 
Sra HRSA ed ESS 1 8 3 14 30 
1.25 10.10 0.76 9.34 3.62 WT? 


payee ita a> 7.80 Te 
RE Heh desea yee 14.90 2.86 
GPSS Aleta k se ae 
0.94 11.05 0.99 
TBD OS fe <ISeer a ote 
ite 11.15 2.29 


Oh Sil ets cals 08 NN 1 
1.01 11.52 2.02 

ONSSOE <= ALintrs kee) 1 
0.84 9.97 1.29 
POECRS So: 2 ae eae nee ae 3.23 


0 
10.98 


4 
10.06 4.28 
2.50 
8.86 3.01 
2 
9.50 2.42 
8 4 
8.68 4.37 
10 
11.60 2.49 


STATE BOARD OF AGRICULTURE. 


bo 
(90) 
bo 


Results of analyses of commercial fertilizers for 


> 
wR 
oo = 
2.4 Locality where sample 
EE Trade name. Wee taken. e 
= 
oa 
3 
4 
The Jarecki Chemical Co., Sandusky, O. 
Z56om)) Lobacco ands brick Growers as eis sane pint Petershunga arene see Claimed.... 
Hound seo 
250M) hobacco. and ericks Growers 2 tes 2 reel cue oe eee FOI. e5 os Se mete ter Claimed.... 
Hound: <n 
Kalamazoo Rendering & Fertilizer Co., 
Kalamazoo, Mich. 
ZS Suita COLEL Yel Cltiya sree tence eve wcsv ole eves Soren awonsl <porcyaltenatewenaWento renee oe Manufacturer’s sample..| Claimed.... 
Hound= ese 
ee Ber ae, Re ei 
DA HOu RAZ OO) ABEREUIZeTomeucwarencyccetoxs-s¥ secrete ecu elec ehre ro ere ceyceeme LEHMAN Sa caso as Claimed.... 
Hounds 
Nitrate Agencies’ Co., Chicago, Ill. 
Zoaon |EAciC Phosphate. High Grage%os asc aciarieee ee Manufacturer's sample.. Pees see 
ound= ree 
ZoLOgl SMuTiatevOr (Potash a. Naccsistscrs sae te ee PoE Coloma os ce. see eee Claimed... . 
‘ound! nae 
ZOZOMM Suave iOfsROLASH 5.0.0 hiniels reraeste nice ie cucions: shoteurebeete he Manufacturer’s sample..| Claimed.... 
Found..... 
DAHA ee NIL ATELOLs S OGD: x.05 cranes avseative-a! sycweushe Perave carers cheater vente Nilesh eit horceecsneeccine Claimed.... 
Round... 
Pioneer Fertilizer Co., Chicago, ill. 
2478 | Pioneer General Crop Grower................-.-+: A @Sapinawia: was cchic wees Claimed.... 
Hound. ser 
2500 | Pioneer High Grade Acid Phosphate............... Brown’ City... 2)...-..-| Claimed)s...- 
Found..... 
2501 | Pioneer High Grade Phosphate and Potash......... Brow City. =e eke Claimed 
Houndeee 
2541 | Pioneer Potato and Vegetable Grower.............. Manufacturer’s sample.. a a 
found! 
2502 | Pioneer Truck and Corn Grower..............-.--: Brow City. -eiec eter Claimed 
1neyontols Ga 


1910, expressed in parts in one hundred.—Con. 


Nitrogen. 


Total. 


EXPERIMENT STATION BULLETINS. 283 

Phosphoric Acid. 

ASS SS Potash. Valuation. 
Insoluble. Available. 

1 6 6 $18 27 
2.95 9.68 5.94 21 75 
1 6 6 13) 27 
0.62 8.21 (joa ei 19 82 
5 2 10 60 
0.91 4.84 2.00 10 47 
6 3 33 15 64 
2.60 5.92 4.47 22 55 
oseerthe CRA ie eee 14 beter Otoe 14 00 
0.87 7 SSO Gal sue wey erat Mee ayo ilyy Bs: 
MS OE, TO erected CE esc ee 0 48 00 
eraneee | il hee notes: Seale haere maby, 48.18 46 25 
ee pete Hebe ha aon tha, Sadat] Aroneveee retctaee weer aye 48 46 08 
Ne othe er achrie aCRaeel (ase etiam 50.42 48 40 
a oe as hate i tel Mee et oe ya ik ai eats, si ease Uvrop Suenets yer ohay ens 57 04 
SRM N ARS S| CORIO OE SEA OR LOL io tain NG oh 59 16 
= SAS Ob ds peepee 2 9 2 Vi 79 
12.55 3.48 9.07 2.03 19 16 
ins, a Sea esas il 14 a Sard iese ielate othe ate 14 00 
16.70 1.84 TASS Giry oil Ds es eee ae 14 86 
Se ae ieee 1 10 4 13 84 
11.02 1.18 9.84 3.96 12 64 
EEA Re? 9 7 22 59 
11.30 0.78 10.52 8.81 26 29 
Meee sand aay eee 2 9 4 16 66 
12.40 1.18 Tie22 4.06 18 98 
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STATE BOARD OF AGRICULTURE. 


Results of analyses of commercial fertilizers for 


Laboratory 
number 


2420 


2366 


2370 


2371 


2372 


2376 


Trade name. 


The Pulverized Manure Co., Chicago, Ill. 


Wizard Brand Manure 


The Smith Agricultural Chemical Co., 
Columbus, O. 


Chicago Fertilizer B. B. & P. Brand 


Chicago Fertilizer Calumet Phosphate 


Chicago Fertilizer Potash Special 


Chicago Fertilizer, Western Phosphate and Potash... 


Ohio Farmers’ Excelsior Phosphate 


Ohio Farmers’ Soluble Phosphate and Potash 


Ohio Farmers’ Wheat Maker and Seeding Down .... 


Speidel & Swartz, Grand Haven, Mich. 
Celery Hustler 


Swift & Co., Chicago Ill. 


Bean and Grain Grower 


CompletebWertilizenc (ccc on tain tee Oe 


Locality where sample 
was taken. 
TLANSIN Gy joven een Claimed 
oOundh eee 
Willows sc: e258 eee Claimed 
Found 
Carlton ici aeie Claimed 
Hound). .o- 
JO eke a roe eee cn Claimed 
Round... ac 
Petersburgae =. sec Claimed 
Round! 325. 
Petersburg oe ec Claimed 
Found..... 
Petersbures acceso Claimed 
Hound=.o-- 
Carltonis. een eee Claimed 
Found 
iPetersburoee cree Claimed... . 
Hounde ise 
IReGersbureeaenioe er Claimed 
Hounds sas 
Grand Haven". s-.-" Claimed... . 
Found..... 
Dundee Aeon orton. Claimed 
QunG rete 
Vas arenstertatepeve roptorctorter. Claimed 


EXPERIMENT STATION BULLETINS. 


1910, expressed in parts in one hundred.—Con. 


Phosphoric Acid. 


Nitrogen. — 
Total. 
SSOP 2 lc oeyeveteuessteeeecenat 
1.58 2267, 
ED see ee os | ahowexoh Sheesh ola omens 
1.24 10.97 
Maer reyer es chile Sa 13.09 — 
OF SZ ins pike. wllomrcoemceusinaretoes 
0.82 11.35 


0.84 11.50 
GUSOMMB A ec oe. putiery: 
0.87 11.05 
i158 A AN lk meee sen 
1.40 12.47 
OBS 2a Asks ln iranian: 
1.06 11.08 
eee i ior, i a 13353) f 

ORS Meme tector 
1.01 10.90 

Ce | og nt RR Se ee? 
6.52 4.85 

GaS2 ed a iiee > Saat ve ale 
0.97 11.40 

i Went ed ele eee 
1.30 11.00 


| 
e 


Insoluble. | Available. 


Potash. 


285 


Valuation. 


Sado SOO ORONO TC 1 
0.25 2.42 0.62 
MO SIA Chae Hees Oe 8 2 
1.31 9.66 Ley 
Bbhews eolsbayanewteertic 10 
1.65 11.44 2.34 
A caer ee oe 4 
1.84 atu 4.09 
EN PeneteReaea-vencucl Wels 8 2 
1.75 9.75 3.24 
Spa ahstet smodcnomcnsslecks 8 4 
1.64 9.41 3.97 
SPH et kenemseslemensvols 2 
2.14 10.33 2.00 
Locos neea ence 8 a 
1.22 9.86 Uoil?s 
Saawatensioysunuaysnsiene 10 2 
On 11.62 2.28 
MEGEGO Be UDuaaS 8 2 
1.95 8.95 2.11 
0.69 3.17 1.25 
0.70 4.15 2.07 
1 3 
1.46 9.94 3.09 
1 8 1 
2.15 8.85 1.37 


26 
30 


73 
41 


286 


Laboratory 
number 


STATE BOARD OF AGRICULTURE. 


Results of analyses of commercial fertilizers for 


Trade name. 


Swift & Co., Chicago, Il.—Con. 


Locality where sample 
was taken. 


2377 | Dissolved Animal Bone and Potash................ Petersburg: << tne Claimed 
Hound)... o22 

2479" | GardentGity; Phosphates steer sa ct else eee iste ciel estore East Lansing......... Claimed 
Hounds ree 

2 iA GEOUNG St eCalMeGd Pe BONE\1-) fous aie .csucespeicyagefeteccle-< cena hetee Manufacturer’s sample..| Claimed 
Hounds. ce 

27a Onion» PoratoranGd DODAaCCOL =. eis) 2 <i rie cise eis cis JACKSON. cisers cheeses Claimed 
Found..... 

2480 | Potato, Celery and Onion Grower................. Capacece ne: ms exter baie Claimed 
Hound ese 

ZOOM PEUTESBOMEMMCAN 2. ce ayes elevate & cosy sncuv -neueoeacle sisetecota tes INS ale cs ieecereenerree Claimed 
POUNCE eee 

2560 eure BoneuMeal ss 2.5 ct censroeeclein cucisistael arere @erecaneas Grand Rapids......... Claimed 
Round’. 

2447) Pure Lawm Pertilizer: cis ec ccc ences ois 2 Fetetaystehare shel Grand Rapids........ Claimed 
Hounds er. 

23798 special Phosphatevand Potash v.52 sees New Boston. taee Claimed 
Found= se. 

JASON Siear Beeb! GLOWel ane casice sich meee Oe eet CaPaGer.! «wick pace eras Claimed 
Found: 352: 

24817 HSugarleBect. Special err -sor easter cores ie ere ee ete eee Manufacturer’s sample.. eo 
oundee ee 

23R0nESuperphospaaterscr Ha aaeo ae ae ee nee HMillsdaleseeecneeene re Claimed 
WOUNGen oe 

Ose” DIUCK GLOW EL tok om tities Hee Soon Gna eter Reading, sos ance eee Claimed 
OuNG 1. 

Zool Weretable: Grower =i... bx ota em Se ome ears Jackson ern ese Claimed 
| Rounds ann. 


EXPERIMENT STATION BULLETINS. 287 

1910, expressed in parts in one hundred.—Con. 

Phosphoric Acid. 
‘Nitrogen. oS SS SS Potash. Valuation. 
Total. Insoluble. Available. 

(UNE. Ie ee aorchesio a creates 2 18 4 $24 74 
1.38 20.75 1.32 19.43 4.48 29 34 
Bee eaten char ciemensnelts erence touletsy s: one tones 1 14 Cs Piche Rens tact 14 00 
ola A a ee Cicer 14.75 0.58 14.17 Remo Goer coe 14 17 
| ee etl (taal it ae ane ae. 
1.65 PAU ia Siete aria. Sieeaee i a ReRNCe rine Pac Ran oR Steal Ply wives ie or ee er aE 22 07 
1.92 SSID VA Favela roxio Ss ore se asa al) leven reusrebeouete cy ai ianeeeu® seus iets Sqeuers 25 75 
Th gl(G}). icy aiella | iaiyarte ee ntaen ee 2 8 te 21 59 
1.67 10.60 0.76 9.84 6.99 22 99 
OR S2eert. |\evrseneweate save wc 1 5 10 18 02 
1.09 8.65 1.28 USars 8.94 20 47 
2.50 eta Oe il lcpeneregteonstats custera oltre: cwesevorciane (aera yoiinn nieve tah swath niierenece 29 20 
3.69 SoU Orava strtct eterna ote liom lore entice eyeieeculetaey tetera ees 31 98 
2.50 Zia gime Ci. Mbenarettcbe outta ton aye sane ates lemer eis eayen a1 avehal evel tells ceceileweus oh = ecsarsy 29 20 
2.59 DO MO yl |Pekeracctece oral elie ee veel nee oe iste Sysmekararsos cul tial & Wie, SSC ayer ene 30 13 
Bie 3) | bye CAR cacti teary Na Lek eaes fey a eeene: Otte ena eck eh eae ae 32 20 
4.18 PAS ar aye hGie ele So inern a AO Meiers omkeiaws Choral Eiosice olen orth 35 58 
35 OS CEU ected ica Re estes ails 1 10 2 bET92 
Dats (rs eae Reon 12.40 1.25 11.15 1.93 13 00 
| dria e eS es toes 
OMe. ll ecshenst ogre a etee se 2 8 5 22 80 
1.83 11.27 1.14 10.13 6.35 23 42 
OES De MU |eetarcesusac che Sere i 1 8 3 14 30 
1.02 8.90 0.88 8.02 3.65 15 63 
WAG Oe gees lob oseas suena: o.s seer 2 8 2 16 79 
Werle 12.32 3.64 8.68 2.35 18 92 
O82 ste Mircea cree ona 1 4 15 26 
1.07 11.10 1.05 10.05 4.17 18 41 
a eae ee ee ee 2 10 31 51 
3.61 Sa 0.68 10.69 11.51 35 29 
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USE OF COMMERCIAL FERTILIZERS. 


It is not possible for any man to predict with certainty what the 
return will be from the use of any particular fertilizer, because so much 
depends on the season, the physical condition of the soil, ete. It is 
safe to assume that a soil is lacking in something when it fails to pro- 
duce a good, average crop, say 40-50 bushels of shelled corn or 25-30 
bushels of wheat per acre. For all soils under good climatic conditions 
should be able to produce the above amounts of grain when properly 
handled. The failure of a soil to yield average crops may be due to 
several causes, among which may be mentioned the following: im- 
proper drainage, improper tillage, unfavorable climatic conditions, lack 
of moisture, lack of humus, acidity, lack of available plant food. 

It will be readily seen from this that only one of these conditions 
can be remedied by the addition of commercial fertilizers. If the other 
conditions exist, they should, as far as possible, be corrected before any 
form of commercial plant food is used. It will be readily seen that all 
of these conditions except one, are within the power of man to control, 
at least to a certain degree. 

Drainage. It is not an uncommon sight, especially in the spring, to 
see large areas in fields where the water is standing anywhere from a 
few inches to a foot or more in depth. In such cases it is late in the 
season before the land is in a condition to be worked; consequently if 
a crop is sown, it is late in getting started and furthermore, such places 
are liable to be flooded with every heavy rain. In some soils the water 
may not stand upon the surface, but come to a level within a few inches 
of the surface. Such soils can be benefitted only by a drainage system 
that will carry away the excess of water. Commercial fertilizers can- 
not take the place of drainage. 

Cultivation. The advantages to be derived from cultivation are many. 
It keeps the ground in good physical condition, makes available some 
of the insoluble plant food, kills weeds, and when done at the proper 
time, conserves soil moisture. Commercial fertilizers cannot take the 
place of cultivation. 

Unfavorable climatic conditions are beyond the control of man. Com- 
mercial fertilizers cannot overcome unfavorable climatic conditions. 

Moisture. The soil moisture may be controlled to a certain extent 
by judicious rolling and cultivation. Commercial fertilizers cannot 
compensate for lack of moisture. 

Humus is decayed and decaying organic matter. It plays an im- 
portant part in the fertility of a soil. It helps the physical condition, 
conserves moisture, makes available some of the insoluble plant-food. 
Humus may be supplied by adding barnyard manure or by turning 
under green manures, such as clover, cowpeas, rye, etc. Commercial 
fertilizers do not add humus to the soil. 

Soil Acidity. Soils may become acid as a result of the decomposition 
of organic matter and possibly from other causes. Some plants are 
particularly sensitive to an acid condition of the soil, especially alfalfa 
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and clover. Soil acidity may be corrected by the use of some form of 
lime. The forms of lime generally used for agricultural purposes are 
the following: Burned or stone lime, air-slaked lime, ground lime stone, 
and land plaster. Burned lime is the most active form of lime and is 
quite caustic. It is usually obtained in lumps and must first be slaked 
before it can be applied. This is conveniently done by putting it in 
small piles and sprinkling just enough water over it so that it will 
break down into a fine powder, or the piles may be covered with moist 
earth and allowed to stand until it breaks down into a powder, when 
it may be spread with a shovel. 

When the stone lime is exposed for some time to the atmosphere, it 
gradually takes up moisture and breaks down into a powder form, 
when it is known as air-slaked lime. Lime can be purchased in this 
form and it may be applied with a drill or lime spreader. An ob- 
jectionable feature to the use of either of these two forms is their 
causticity, which renders them disagreeable to handle. 

The ground lime stone is now being prepared in this state and can be 
obtained at reasonable rates. This form of lime is not as active as the 
two mentioned above, but it has the same effect upon the soil and un- 
doubtedly is much safer to use, especially when the lime must be ap- » 
plied immediately before the seed is sown. One hundred pounds of 
ground lime stone is equal in neutralizing power to fifty-six pounds of 
burned lime or seventy-four pounds of air-slaked lime. 

Land plaster was formerly used to quite a large extent both in the 
United States and Canada, but at the present time its use is very lim- 
ited. Since the lime in land plaster is already fully saturated with the 
acid radicle of sulphuric acid, it cannot neutralize soil acidity, and its 
beneficial effects are supposed to be due to its power of making avail- 
able some of the insoluble potash compounds in the soil. 

Mar! is another form of lime that is more or less abundant in the 
state. It is often found underlying marshes and along shores of small 
lakes, and when it can be gotten out at not too great an expense, it is 
a valuable form of lime to use for agricultural purposes. The lime is 
iu the form of the carbonate, the same as the lime rock and it varies in 
purity from 50% to 60% calcium carbonate to nearly 100%. On ac- 
count of the large amount of water which it contains in its natural 
condition, it is not profitable to transport it for any considerable dis- 
tance without first drying it. 

Available Plant Food. The availability of the plant food in a soil 
is dependent upon several factors, the most important being those 
mentioned above. When all of these conditions have been fulfilled, it 
may then be profitable to use commercial fertilizers. It is a self-evi- 
dent fact that the farmer who sells the greater part of the product of 
his farm is slowly but surely depleting the stock of plant food in the 
soil, and it is not unreasonable to assume that under such conditions 
the time will come sooner or later when the soil will become unproduc- 
tive for an actual lack of available plant food. Such deficiency may be 
supplied by commercial fertilizers. The dairyman or stockman who 
feeds the product of his farm to his cattle and judiciously cares for the 
manure and puts it all back on the farm, need have but little fear of de- 
pleting the store of available plant food in the soil, because the actual 
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fertility that is sold in the form of butter-fat or beef is not very great. 
Besides the concentrated feeds that are bought would probably com- 
pensate for the loss of fertility in the sale of the products. 

The amounts and kind of commercial fertilizers to be used depend 
upon the kind and condition of the soil and also upon the crops to be 
grown. No specific recommendations can be made at this time and we 
shall only attempt to give some general directions for a few of the more 
common soil types in the state. In certain sections of the state very large 
areas are made up almost exclusively of light, sandy soil, and they are 
generally referred to as unproductive soils. There are, however, many 
cases on record where, by a wise method of handling, these soils have 
been made very productive. Undoubtedly the greatest need of such 
soil is organic matter or humus and this is probably more easily sup 
plied, at least in the beginning, by turning under green manures. These 
soils must be well supplied with organic matter at all times, since it 
betters the physical condition and greatly increases the water-holding 
capacity. 

Commercial fertilizers are very liable to meet with failure on such 
soils unless the humus supply is kept up. Farmers’ Bulletin No. 323 of 
the United States Department of Agriculture, Washington, D. C., rec- 
cmmends methods for handling these soils, based upon observations 
made in Michigan, Wisconsin and Minnesota. This bulletin may be 
obtained by applying at the United States Department of Agriculture. 

These soils are quite generally deficient in nitrogen, but this may 
and should be supplied very largely by turning under legumes, as most 
cf these soils grow clover very successfully. 

Whether any forms of phosphoric acid or potash should be added will 
depend very largely upon the crops grown and should be determined 
by actual experiment. 

Clay soils are universally spoken of as strong soils and they will 
generally respond to good cultivation methods for a good many years 
without any apparent decline in fertility. What is true of the sandy 
soils in regard to humus is equally true of the clay soils, though the 
effects of a lack of humus is evidenced in a different way. Clay soils 
deficient in humus become heavy and soggy, and are very liable to 
puddle after a heavy rain and to bake so hard as to render them almost 
impossible of cultivation. Humus will correct these faults by making 
the soil more open and porous, so that the air may circulate more freely 
and it will prevent puddling and baking. These soils are more liable to 
be deficient in available phosphoric acid than either of the other essen- 
tial plant-food elements. The kind and extent of fertilization will de 
pend upon the kind of crops to be grown. 

The loam soils are gradations between the heavy clays and light 
sands and are generally productive soils. The same general considera- 
tions will apply to these soils as to the clays and sands. 

Muck soils are almost invariably deficient in potash and as a rule will 
respond to applications of this material. This has been conclusively 
demonstrated by experiments carried on in our neighboring states as 
well as in our own state. Muck soils also generally respond to applica- 
tions of barnyard manure. 
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GRADE DAIRY HERD. 
BY A. C. ANDERSON. 


Bulletin No. 264. 


The present Grade Dairy Herd which is maintained at the college was in- 
stalled in the fall of 1904 by Director R. S. Shaw then Professor of Animal 
Husbandry. About a year later the writer was placed in charge of the work 
and is still continuing in that capacity. 

In 1906 the first report was published in bulletin 238. As the edition of 
bulletin 238 is nearly exhausted, and as some of the data contained therein 
is necessary to a proper understanding of this report a portion of the ma- 
terial of the former report appears again in this. 

In maintaining a grade dairy herd at this institution two chief ends are 
sought. First and foremost to show objectively how the common dairy 
stocks of this state can be improved as to quantity and quality of milk pro- 
duction by a rational and continued system of up-grading; and second to 
show the effect of careful feeding and management upon average, common, 
or even inferior dairy animals. While the stocking of farms with pure- 
bred dairy animals is desirable and strongly advised, it is generally recog- 
nized that the great mass of improvement among dairy cattle must come 
from intelligent up-grading. In selecting the foundation stock for a grade 
dairy herd attention was given first to the health and general physical char- 
acteristics of each individual selected. Care was also taken to secure animals 
which should be fairly uniform. To accomplish the desired ends with the 
material available in the Michigan markets it was thought best to purchase 
twenty Shorthorn grade cows. While none of these cows possessed a large 
percentage of Shorthorn blood, they all had enough to give the evenness 
and uniformity sought in the foundation herd. For breeding purposes the 
herd was divided into four groups or sub-herds of five animals each. One 
of these groups is being bred continuously to Jersey bulls, and the female 
progeny bred in the same line. Another of the groups is being bred con- 
tinuously to Holstein bulls and the female progeny bred in the same line. 
The third group being bred in the same way to Guernsey bulls and the fourth 
to Shorthorn bulls. 

The heifers which have come to maturity have been retained in the herd 
and at the present time have replaced all the original animals, but while 
the records of these grade heifers are being kept they form no part of this 
report. 

The execution of the plans is requiring time and results are accumulating 
slowly, even more slowly than was at first anticipated. Some of the best 
animals in the herd left no female progeny, while two or three of the poorest 
left female progeny only. Along with the usual handicaps that every dairy- 
man must endure came contagious abortion, a disease while less to be dreaded 
than tuberculosis still is capable of even more serious results in reducing 
the milk product and consequent profit as well as the number of progeny 
of a herd. In an attempt to stamp out this disease some drastic measures 
were adopted by the veterinarians in charge which not only failed to ac- 
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complish the desired end but which still further decreased the production of 
the animals so treated. The matter is mentioned here because contagious 
abortion is today far too prevalent in our dairy herds, and despite many 
advertised and published statements to the contrary, veterinary practice is 
none too successful in its eradication or control. 

It was the original plan to so handle the herd that each animal would freshen 
once each year. But since this could not always be brought about within 
exact dates the year was taken as the unit of time instead of the period of 
eon: In ascertaining the product of each cow the following plan is 
used: 

The milk from each cow is weighed, recorded, and sampled, at each milk- 
ing. The composite samples are tested for butter fat at the close of each 
week. The pounds of milk produced by a cow in a week multiplied by the 
per cent of fat gives the pounds of butter fat for the week. The pounds of 
butter fat increased by one-sixth of itself gives the pounds of butter. The 
skim-milk is estimated at 80 per cent of the whole milk. This estimate for 
skim-milk is rather low, it being customary at creameries to allow 85 per 
cent of whole milk for skim-milk. 

At the close of the first year the records for twenty animals were reported. 
Before the close of the second year the herd was reduced to sixteen head. 
No. 28 having died of pericarditis, and No. 30 being afflicted with an abscess 
that necessitated her removal from the milking herd. No. 32 failed to 
breed and was sold for beef, while No. 31 afflicted from the outset with a 
peculiar milking difficulty which gradually grew worse was removed from 
the herd. Five other cows were added to the~herd, as follows: No. 33, 
34, 35, 36, 37. During the next two years from one cause or another the 
herd was gradually reduced, the chief reason being the increasing number 
of cattle at the college and our inability to provide adequate accommoda- 
tions for so many. In 1909 the last animals of the original herd were sold. 

Meanwhile 36 yearly records had accumulated, some of the cows having 

one record, some two and some three. 
t' In Table 1 which follows the yearly’ yields for each cow are shown. In 
column one the number of the cow is given, the cows being numbered in- 
stead of named. The second column gives the total days of lactation, out 
of a possible 365, for the several lactation periods. In column three the 
total pounds of whole milk are given. Column four shows the average per 
cent of butter fat; column five the total pounds of butter fat; column six the 
pounds of butter; and column seven the pounds of skim milk. 


EXPERIMENT 


Number of cows. 
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TABLE I. 
Days of Pounds of everace Pounds of | Poundsof | Pounds of 
lactation. | whole milk. | ,) butter fat. butter. skim-milk, 
butter fat. 

323 7,562 3.69 278.8 325 .2 6,049 
365 6,914 3.70 254.9 297 .4 5,531 
304 5,047 4.23 213 .6 249.1 4,038 
320 5,444 4.11 223.5 260.8 4,355 
335 7,120 4.54 323.1 376.9 5,696 
295 6,912 4.14 286 .2 333 .9 5,530 
267 7,044 3.81 268 .2 312.8 5,635 
180 2,395 3.62 86.7 101.1 1,916 
334 7,255 4.44 322.3 376.0 5,804 
309 7,729 3.48 268 .7 313.7 6,182 
365 6,756 3.74 250.9 292.8 5,405 
353 7,534 3.66 275.9 321.9 6,027 
316 4,637 4.48 207.8 242.4 3,709 
323 5,211 4.72 245.9 286.9 4,169 
325 4,941 4.52 223.0 260.0 3,953 
319 5,454 3.67 200 .0 233 .3 4,363 
309 5,933 3.81 226.1 263 .8 4,746 
360 5,850 3.16 184.9 215.7 4,680 
313 5,020 3.72 186 .6 217.7 4,016 
253 5,085 4.08 207.4 242.0 4,068 
259 5,173 3.97 205 .6 239 .9 4,138 
329 6,769 3.76 264 .2 308 .3 5,415 
252 5,896 3.84 226.6 264 .3 4,717 
323 7,311 4.08 298 .2 347.9 5,849 
351 6,217 3.73 232.1 270.7 4,974 
365 7,443 3.67 273.1 318 .6 5,954 
325 6,999 3.82 267 .6 312.3 5,599 
316 6,392 3.93 251.5 293 .4 5,113 
354 5,980 3.86 231.0 269.5 4,784 
360 5,673 4.04 229 .3 267 .5 4,538 
337 6,282 3.86 242.4 282.8 5,025 
260 6,656 3.73 248 .4 289 .8 5,325 
353 8,206 3.69 283 .3 330.2 6,565 
337 6,340 4.38 277.9 324.2 5,072 
323 7,344 4.30 315.8 368 .4 5,875 
325 5,681 4.61 261.6 305 .2 4,545 
318 6,228 3.94 245 .6 286 .6 4,982 
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For convenience in comparison for the reader as well as for reference in 
future reports the product of the herd during their first year as reported in 
bulletin No. 238 is given below as Table 1A. 


TABLE IA. 
Number of cows. Days of Pounds of bite Pounds of | Poundsof | Pounds of 
. lactation. | whole milk. | , Per cen butter fat. butter. skim-milk. 
butter fat. 

DN RP an Ee GAG Sasa a SH ance 323 7,144 3.86 276 .86 323 5,715 
Tories naeeee eh vate secs neet ieee ee 318 5,559 4.41 245 .12 286 4,447 
1 1B os WAR ROM REL UNe iMae eaee oi ae ree 2 323 8,113 4.45 361.72 422 6,490 
TA Ea ete Hiei Ma nner es 8 Cire 363 7,114 3.93 280 .29 327 5,690 
1 TS Raa te va bee Aectei 9 Osa ae 154 1,205 3.43 41.15 48 964 
1 LOS COTO S Bin Gite Soe Re te oo cone 361 7,607 4.84 371.15 433 6,084 
1 Ea Goi Aare ncRe ae Maier a een eae a 309 7,681 3:53 271.72 317 6,144 
DQ ee Aap eee nies cain tcabcicomtat tors otsie 325 4,796 4.84 232 .29 271 3,837 
VLA mic PONG cre Greta et aN Ss ers Sten tae 360 6,290 3.94 248 .58 290 5,031 
D1 Renae seen net a Wadena Rot ee AE 361 6,131 4.24 260 .58 304 4,904 
72 ORE AT OGE CNOA TOTO oeIne 295 5,417 4.44 219 .43 256 4,334 
DB AGA ue aoe ere eis ohne Deiletoc ont 293 7,066 Siete 266.58 311 5,653 
a Ria Bos EO a A eR Rae 349 7,259 4.25 309 .43 361 5,807 
Dis hn can RRR IoD UC NORTE ES ate Sate 330 7,423 3.76 279 .43 326 5,938 
DOM ARIE ee crime cers neo be anainis.« 346 5,441 3.83 208 .29 243 4,352 
D0) ore SAE SRC OOOO to ea Eee 314 5,143 3.95 203 .15 237 4,114 
Doe he EE MEN, iat EAN, Dey A RGA Re Lene See Si Bs 348 6,872 4.12 283 .72 331 5,496 
BY Ae ory See c EEE a oa ae 316 7,092 Sale 264 .86 309 5,673 
Uy enn matic tns eco one hiletci 345 6,206 4.04 251.15 293 4,964 
SP eae Hic Oe Co ee oe ee ae 362 5,620 4.23 | 237 .43 277 4,495 

Average fomherdsine. scsee eres: 324 6,258 .9 4.08 255 .65 298 .25 5,007 


Of the twenty original cows reported in Table 1A, sixteen have reports in 
Table 1. These sixteen have collectively thirty records. It will be noted 
that of these thirty records there are but eight which exceed the initial 
record of the individual cow as shown in Table 1A. Further a comparison 
of the average as shown in the last line of each table shows 30 pounds more 
milk and 10 pounds more butter fat per cow for the first year. These cows 
were purchased for fall freshening in a locality where winter dairying was 
not generally practiced. Most of the cows had been dry for some little 
time, quite a few of them a good share of the season. Practically all of 
them had had a good rest and were carrying sufficient flesh to insure maxi- 
mum yields after freshening. Then too the management was a little more 
uniform during the first year than was possible to arrange for during suc- 
ceeding years. As will be shown in the feeding tables which follow, a smaller 
amount of silage and some of the other cheaper feeds were available for the 
herd in subsequent years; these had to be supplemented with grains and 
other more expensive foods, consequently the profit item was adversely 
influenced, It will further be observed from a comparison of the two tables 
that the average number of days of lactation as shown in Table I is slightly 
less than in Table IA; this would be sufficient to offset the smaller average 
milk yield. The smaller average production of butter fat is however largely 
caused by the lower average per cent of butter fat. The average for Table 
I being 14 per cent lower than for Table IA. 
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VALUE OF THE PRODUCTS, COST OF PRODUCTION AND PROFIT. 


Besides keeping records of the amount of milk given by each cow, daily 
records were made of the amount of feed consumed by each. so that the 
entire cost of food for each animal for the year is known. While it would 
be possible to give the other items of expense entailed by the herd, as cost 
of care, etc., these are purposely omitted as is also the value of calves and 
manure. In dairy operations these two groups of items are commonly 
gonsidered as balancing each other. This they have approximately done 
in the present case. But as the major item of expense in maintaining a 
dairy cow is her food, and in view of the extremely intimate relation of 
food and product, we have eliminated all minor matters in order to better 
contrast these two main features. 

Instead of crediting the herd with the money actually received from the 
sale of the butter at the college dairy, although more was really received 
for it than is credited here, the price of butter is fixed at 20 cents net per 
pound for the entire year. By 20 cents net is meant that this price includes 
the cost of making. Skim-milk is valued at 20 cents per ewt., this being 
the price charged for it in experimental feeding conducted at this institu- 
tion. The values assigned to these products as well as the prices charged 
for feeds are considerably at variance with market prices for the past few 
years. However at the time the first report was issued they represented 
market values fairly well. Since they were used in that report they will 
be retained in this for convenience in comparison. It will be borne in mind 
that while receipts for product and cost of foods are both too low the figures 
representing net profits are much less distorted. 

The value of the products of each individual of the herd, as well as cost 
of production and profit are shown in Table II which follows. In column 
two will be found the value of butter, in column three the value of skim- 
milk, while column four gives the total cost of food for each cow. The 
return for every dollar’s worth of food consumed by the cow is shown in 
column five, the food cost for every 100 pounds of milk produced in column 
six, and the food cost for every pound of butter in column seven. Column 
eight gives the total value of products of the cow, being the sum of columns 
two and three, while column nine shows the profit or loss over food for the 
entire year. 

In considering cost of food, the entire amount consumed by the animal 
nee the whole year is taken, and not simply the portion eaten while in 
actation. 
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TABLE II. 
hamibarl ok Value of | Value of | Total cost Ei ood soe F bed oe foul f Profit 
umber of cows. 3 - “11. este Eee or or value o over 
butter. | skim-milk.| of food. wee of Ibs. milk. | Ib. butter. | products. food. 
$65 04 $12 09 $39 57 $1 95 $0 52 $0.121 $77 13 $37 56 
59 48 11 06 35 60 1 98 51 119 70 54 34 94 
49 83 8 08 32 66 177 64 131 57 91 25125 
52 16 8 71 32 92 1 85 60 127 60 86 27 95° 
75 38 | 11 39 38 11 2 27 53 101 86 77 48 66 
66 78 11 06 32 70 2 38 53 -098 77 84 45 14 
62 56 11 27 36 07 2 04 51 115 73 83 37 76 
20 21 3 83 20 83 1 15 87 -206 24 04 5} PA 
75 19 11 61 37 25 2 33 51 099 86 80 49 57 
62 71 12 36 40 18 1 86 52 149 75 07 34 89 
58 56 10 81 33 93 2 05 50 116 69 37 35 44 
64 38 12 05 36 52 2 09 48 113 76 43 39 91 
48 49 7 42 32 33 Ages 69 133 55 91 23 58 
57 37 8 34 32 02 2 05 61 pitt 65 71 33 69 
52 00 7 90 32 67 1 83 66 125 59 90 2723 
46 67 8 73 35 18 1 57 64 150 55 40 20 22 
52 75 9 49 |} 38 98 1 59 66 148 62 24 23 26 
43-14 9 36 21 95 2 39 38 101 52 50 30 55 
43 54 8 03 36 41 1 69 72 167 OL ok 15 16 
48 40 8 14 29 95 1 88 59 123 56 54 26 59 
47 98 8 28 29 89 1 88 57 124 56 26 26 27 
61 66 10 83 36 39 1 99 53 ra lil7/ 72 49 36 10 
52 86 9 48 27 75 2 25 47 122 62 29 34 54 
69 57 11 70 36 82 2 20 50 106 81 27 44 45 
54 14 9 95 34 15 1 87 54 126 64 09 29 94 
63 72 11 91 37 36 2 02 50 116 75 63 38 27 
62 46 11 20 39 08 1 8&8 57 125 73 66 34 58 
58 68 10 23 37 24 1 85 58 126 68 91 31 67 
53 91 9 57 32 01 1 98 53 122 63 48 31 47 
53 50 9 08 35 02 1 78 60 131 62 58 27 56 
BED SG ae Recon cen arora 56 56 10 05 35 97 1 85 57 127 66 61 30 64 
Ge Rents Aeon ee 57 96 10 65 24 64 2 78 37 088 68 61 43 97 
SOR eR etic von apatite 66 04 13 18 40 80 1 94 49 123 79 17 38 37 
Oe c Servos ete tos capes 64 84 10 14 35 84 2 09 66 110 74 98 39 14 
SOP ne Dee ee seas 73 68 D5 36 11 2 36 49 098 85 43 49 32 
OV HBO SE Joe nA Boe aaOn Monica 61 04 9 09 36 26 1 93 63 118 70 13 33 87 
Average for herd..:..... $57 32 $9 96 $34 19 $1 96 $0 55 $0 .119 $67 28 $33 09 


An examination of the table shows that the value of butter produced by 
a single cow ranged from $20.21 for No. 16 to $75.38 for No. 13 the average 
being $57.32. The value of skim-milk ranged from $3.83 to $13.13 with an 
average of $9.96. The total value of products ranges from $24.04 to $86.80 
with $67.28 as the average. 

The lowest cost of maintaining a cow for the year was $20.83 while the 
highest was $40.80 with an average of $34.19 for the whole number. 

In the matter of net profits over food No. 16 falls the lowest with only 
$3.21 to her credit while No. 17 has $49.57. The herd average being $33.09. 
The food cost per cwt. of milk was 55 cents and the food cost per pound of 
butter 11.9 cents. 
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In reviewing these figures the reader will bear in mind that the feed prices 
are not those prevailing during the past two or three years, neither are the 
prices allowed for product at all comparable with those received throughout 
the state. In a general way however an advance in the price of one com- 
modity has been accompanied by a corresponding advance in the price of 
the other. We will again remind the reader that the product and main- 
tenance of the animals were expressed in terms of money value mainly as 
a convenient means of comparison, and consequently the food and product 
values assigned in the first report must be used in this. 

Table IIA which follows is taken from the first report and shows the value 
of products, the cost of production, and profits for the first year. 


TABLE ITA. 
Return for} Food cost | Food cost Total Profit 
Value of | Value of | Total cost 

Number of cows. : * $1.00 of for 100 for 1 value of over 

butter. | skim-milk.! of food. | “soa, | Ibs. milk. | Ib. butter. | products. | food. 
$64 59 $11 43 $39 23 $1 93 $0 54 $0 .121 $76 02 $36 79 
57 18 8 89 20 99 2 27 52 -101 66 07 37 07 
84 34 12 98 36 71 2 65 45 -087 97 32 60 61 
65 93 11 38 38 47 2 01 54 Shi 77 31 38 87 
9 66 1 93 21 47 54 1 78 444 11 59 19 88 
86 64 12 17 38 52 2 56 50 0: 98 81 60 29 
63 39 12 29 31 18 2 42 098 75 68 44 50 
54 12 7 67 33 02 1 87 68 122 61 79 28 77 
57 32 10 06 39 29 171 62 135 67 38 28 09 
60 79 9 80 36 30 1 94 59 119 70 59 34 29 
51 12 8 67 26 64 2 24 49 104 59 79 33 15 
62 29 11 30 31 76 2 31 121 73 59 41 83 
72 15 11 61 36 45 2 29 50 101 83 76 47 31 
65 22 11 88 34 29 2 24 46 105 77 10 42 81 
48 68 8 70 31 28 1 83 57 128 57 38 26 10 
47 46 8 23 29 09 1 91 56 122 55 69 26 60 
66 11 10 99 32 42 2 37 47 098 77 10 44 68 
61 80 1135 29 14 2 51 41 094 73 15 44 01 
58 64 9 93 32 65 1 10 52 111 68 57 35 92 
55 46 8 99 34 51 1 87 61 124 64 45 29 94 
Average for herd........ $59 64 $10 01 $33 07 $2 11 $0 52 $0 .110 $69 65 $36 58 

i 


FEEDING AND MANAGEMENT. 


To enable the reader to answer many of the questions that will naturally 
ane ae to the feeding of the herd we shall take up this matter in some 

etail. 

In conducting feeding experiments in which the cost of food is an item 
for consideration, especially if these experiments are to extend over a series 
of years, it is advisable to establish at the outset a scale of prices of values 
for the different feeds to be used. The prices adopted are arbitrary and 
are necessarily those used in the first report: 
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SCHEDULE OF FEEDS AND PRICES. 


Clover aes? suites tes Bel ee oe ea pa ee gene $5 OO per ton. 
COEnISIat ere Ase s eye tice ERs Ne At Oat ot sn eee ee 2 50 per ton. 
GreeiecOnMsg pickers soa ce MoE sek: BEND ell eee are 2 00 per ton. 
DIECOUASMS sen ypke, ee te ot Pc ae cunt eee 8 aa Cae eee Re 1 50 per ton. 
BRO OUR ic al Pe ak oa coin oak eR ota al a ee 2 00 per ton. 
Corn meal. Milo 5 Wome eae. ordain cbiok, 6) cays OU BOO Me TaD 
Corn and cob meal.. Wd Weeks eee a ee te wen eats OOO Mme raL one 
AWilte ay DA caeis ts tus aus eStore oe dae oe ce uel oe melee & oe OM BOG GROEN 
OVALS nar is ah carte ane og PaaS ee bene Ego et ee En ae eae 20 00 per ton. 
Dried beet pulp. . eR y ORs oh tte foe ieee oe es ORO Uae eee 
Dried molasses beet pulp. SAN x Sie Ae eh chek, SS ae aeate Ace 2 ORO Ue anouae 
GUUILENSEE Me oe hatte «teasers ie setae Bete ge Sie eae 20 00 per ton. 
Oil cake. SEM a are iuubtee Se becsci a kate Mee rman oe ONO Ne Canons 
Porro Bee dance Me ee ARIE Srl ols, UA etl 26 00 per ton. 
PAStUTeMORISeASOMs why.se) teens. alse Joie wa Shun sae out 5 00 per ton. 


It has been the plan to handle the herd in as uniform a manner as possible, 
making variations only in amounts of feed as demanded by the milk yield, 
the stage of lactation, and the individual peculiarities of the animal. They 
were all kept in good milking condition, but were not allowed much increase 
in live weight except toward the close of their milking periods and while 
dry. So far as it could be controlled each cow was allowed to go dry from 
six to eight weeks. 

The regular winter ration of the cows was corn silage, hay, and grain, 
supplemented at times by mangolds. During the summer they had some 
pasture and grain, supplemented by silage, succotash, or green corn as the 
condition of the pasture, the milk flow, and the maturity of the soiling crop 
dictated or permitted. 

In Table III are given the pounds of food consumed by each cow, arranged 
as to kinds. The costs of grain, roughage, and pasture are given separately. 
For convenience roots are classed under roughage. By the use of the ‘“‘Sched- 
ule of Prices” the cost of any item of roughage or grain for any cow may be 
obtained. 


Table IIIA which follows is taken from the first report and shows the food 
consumed by the original herd in producing the product and values reported 
in Tables IA and IIA. 


301 


EXPERIMENT STATION BULLETINS. 


6I FES 


96 9 
TL 9€ 
¥8 SE 
08 OF 
$9 FS 
96 o& 


20 98 
10 2 
#6 LE 
80 6 
98 LE 


ST Fe 
G8 9 
GL 1 
6 9E 
68 62 


96 6 
Tr 96 
96 16 
86 8E 
8I SE 


L9 GE 
20 Z& 
88 of 
oo OE 
£6 && 


8T OF 
£3 LE 
£8 02 
20 98 
OL 3& 


II 88 
G6 GE 
99 6& 
09 SE 
lg 68$ 


*pooy jo 
4800 [}0], 


00 


a 


SSSSS SESSS SSSSS SESSS SSSSSES 


ne dee eis) AD AO AD AD AD AD 8D 19 1D AD 19.19.1919 1D 191919 1a 9.191919 aD ss 19.29.19.191019 


SSSSS SSSSS 


‘amysed 
JO 4809 


Ip &1$ 8L ST$ 926 
60 FT JAY PA $96 'T 
20 L SF St ALU OME ae 
€0 FT 18 OL 096'T 
8h ST ZE 06 $96'T 
8 L 9% ZI rats 
OL tI 28 91 $96'T 
TL FT Te ST 688'T 
Pp FI 8¢ GI 099 
FT &T OL 61 COL 
98 FI Gs 61 693 'T 
G6 ST PP OL 9P8'T 
86 FT LT FI 029 
Tf al Tf ol 029 
as 92 at Wao re 
€h FI 96 OL 688'T 
GP €I 1? It 0Z9 
bal 
20 et ee I Monee wie 
T8 &T 09 LT 008‘T 
rie SEL ALU al Soa 
€¢ FI cr 61 POT 
93 ST 66 FT 099 
1€ &1 of FI col 
€% FT 62 ZI 692 ‘T 
GS GT 18 If 099 
SL St 18 St ee. 
6 IT FS LT 998'‘T 
$2 FI #6 06 029 
9% ST 16 81 PPP 
19 6 a9 Rae 
02 ZT 18 8T PSL 
C8 ZT ¢8 FI 882 
69 FI GP SI 099 
99 &T 9% FI FSL‘T 
$S FI Gr ST 029 
68 ZT TZ LT 099'T 
TZ ST$ 98 61$ 099 
‘asuysnol *uluIa _ 
70.980) | yore) | 0° 


*poumnsuod poOoy Jo 4809 


“100 98d) 


OTE 612'T 988‘9 TPL 
ose eget £g8‘9 sd 
ape ees Gaal 889°9 96 0&8 
ose Cre T ILL'9 rr i a iy 
ose ccc''T F092 ey eae 
ose TOL 826° Mantes ok: ed 
oct oe 'T £89'9 RPeKciereferaie evel fertieteuserers 
ose £9¢'T eee’. Pe ee ed eee 
L8€ $86 98F 9 OSE ; eal 
ee Clute FE0'L 96 
Océ G62 ‘T COZ‘ 2 SPI ieaes 
oss L68‘T LLG Ist ites at 
S8P 960'T 209‘ 9c¢ 
OFZ Sha‘ T 1¢¢'9 iv arererrayente 
ee ee) 86 Pze'e 96 
ose SPE 'T Calon es 
98E P86 ¥P9'S 9cg 
88P G68 909°S 9¢ O is Se 
een NOG TAE 9¢9‘9 96 OsT 
98F 601'T 163‘ sr § Peers, te 
ose 9Ic't $82 '8 ee eae 
16P Lov 'T 6148'S 9c€ P “a 
eee eee LEZ'T 990‘2 96 
ose 682 'T 08%'2 eee eee eee eee 
S8P POL‘T 6c6 ‘9 9c¢ pe 
reeeeeeeel peaer #199 FOL Foote 
ose 108 ‘T cer 'h 69 irs) eed 
88P 196 FI8‘9 9c€ ieee ee i 
OSE ‘| €8¢'T 6LT'L 69 ; aan 
LPE 0S6 G08‘ 9g¢ ra 
ose Is‘. ggg‘a eater | a 
ose Z6%'T 698°9 araraxcleravere tall letcteteksrehats 
OIF 0L0‘T PoP‘'9 9c¢ Cee 
ose 61e'T 999‘9 eee weer eaele oe 
88h G20'T 90F ‘9 9c¢e a 
Wrctaveketarsersye S16'T zeg'9 shuiohreretars Re 
T6F coe T €22'9 99§ rate ee 
: : ‘dind | {OT ON 
se}000N “AB asvit 9.1N4XTU 


*pauunsuod pooy Jo spunog 


0S9'T Ulvis osvI0Ay 


Freese Og OL6 
og 0c9 E oevetaislete 
eee eens OLL Oro‘. 
a cel ‘T €20'T 
eee oe. 08 002 ‘T 
tne eee 092 620'T 
5 aol weer ROSS 199 
verses fontteeee] g58 
023 060‘T rr 
ee OPE C19'T 
eae 068: ogg 
sJeseeeees] ge 
ee ¢9L'T 
ons aerate 
“| ose 627 ‘T 
sfertte see! gop 
viseeeeeteceseeee] Tag 
GZZ‘T | 08 
: eee 
. ed 620 '% 
. es ee 1z0'T 
o6I ore * foe 
vteeeeee! Qoe 686 
ee ee rt 
eee eee ee 09z'T 002 
see ee eee CHO 09¢'T 
ce ed 819'T 
sae ele ewww wee ¢16'T 
ee seseeeees] Ore 
ed C96 'T 
eee ee eee 08 OLF‘T 
ee ee ay g1e'T 
ee OZF 080‘T 
reseeeeelonteees] jg 
ose ore He eeteiats 
as FEIT 
‘eon | “ton | *¢ ‘oN 
aanqxtum | eangxtur | orngxtur 
ure | aren | ure 


p ON 
91x 
ured 


“***" pray IO} es BI0AV 


“LE 
"98 

“98 
me AN 
“88 


“LG 
“16 
93 
93 
“9% 


“SS 
BiG 
“86 
“83 
“83 


aaG 
“TZ 
a 
06 
02 


eT 
“6r 
“6 
“SI 
“ST 


“$T 
“AS 
_ OL 
mai 
“eT 


“oy 
Pa! 
“Ol 
“Tr 
Ly 


*3M.00 Jo Joquinyy 


TH ATAVL 


STATE BOARD OF AGRICULTURE. 


302 


20 &&$ 


TS ¥& 
G9 GE 
PL 62 
Gh GE 
60 62 


8z Ig 
6z FE 
ch 98 
92 18 
£9 9% 


0€ 9€ 
62 6& 
20 && 
ST Ié 
Gg 8& 


Ly IZ 
Lb 88 
TZ 9 
00 62 
&% 6&3 


“pooy jo 
4800 [B40], 


00 s$ 90 I$ 10 #18 
00 ¢ G8 FI 99 FI 
00 ¢ 68 &T 9L &T 
00 ¢ 0€ GI $8 IT 
00 ¢ 60 ¥1 OF &I 
00 ¢ 9F CL £9 IT 
00 ¢ LL GT TS €T 
00 ¢ 02 ST 60 #1 
00 ¢ 0g #1 $6 OT 
00 ¢ 90 &T OL &T 
00 ¢ €8 IT T8 6 
00 ¢ 8L #1 oo OL 
00 ¢ 6¢ 9T OL LT 
00 ¢ SI FI 8 &1 
00 ¢ 62 CI 69 &T 
00 ¢ LY Lt S€ 91 
00 ¢ GL 6 GL 9 
00 ¢ &€ ZT FI OF 
00 ¢ v9 FI LT LY 
00 ¢ 66 GT TL If 
00 s$ OT LI$ &I LIS 
‘ainjsed | ‘aseqsnor| ‘uteis 
JO 4809 JO 4809 JO 4809 


*pauINsu0d spOo} JO 4s09, 


i) £7 


SOP 
(62 
LP 
L¥E 
LYE 


ag 
LbE 
GPS 
(645 
022 


€10'T 
$06 
GPS 
88 
Trl 


Sos 
00 
LbE 


(625 
O61 ‘T 


"81 0077 


966 


816 
826 
81 
826 
GIZ 


8Lz 
822 
82 
8&Z 
826 


812 
81 
8IZ 
826 
OF9 


eee ceteeee 


LOL 
826 
8LZ 
882 


PIT 


631 
OZT 
02T 
OcT 
SIL 


Oct 
06I 
OTT 
ost 
6IT 


O&T 
6IT 
Orr 
OI 
0cr 


x4 
6IT 
9It 
Fol 


“u100 W9adIh) “ysez}Ooong 


StS‘ T 


E82 '‘T 
606 ‘T 
C16'T 
E13 'T 
962'T 


6LT'T 
962 'T 
80 'T 
69 'T 
928 'T 


201‘ T 
LOTT 
Cho‘ T 
$09‘T 
991 'T 


OLT'T 
196 ‘T 
Lza'T 
162'T 
190'T 


“ABA 


1Z0'8 


ST9°8 
016°L 
68L‘9 
860°8 
698 °9 


99F ‘2 
600‘6 
PIF 
626'2 
290°9 


F098 
9+0‘0T 
98T‘8 
$899 
£8301 


ST0'¢ 
126'6 
T1198 
129°9 
piston) 


‘adulig 


ogP 


ST 


1G ON 
91N4x1 o1 
ule 


*pauinsuod poo} Jo spunog 


(sq] #o¢'T Wen) 


96 LOT OFZ 

#8 LI 8Lz 
G1Z TL 962 
96T 69T £86 
SIT PLT 883 

6 69 612 

09 691 082 
Ly LLY 882 
206 cOT 612 
Ost PLT G66 

St 99T 683 

98 PLT £96 
PLT el 18 
LIT T9T T6Z 

o6 es 123 
sreseeeeesl ze e1z 
601 681 092 
$68 CLT 166 

96 PLI L¥G 
wort tgece cEl L1Z 

"ON "9 ON "Z ‘ON 
aunyxtur {| einqxtu | eingxta 
urBiy uteih utely 


SOT ‘T 
290'T 
6FS 
P8L 
829 


196 
TL0‘T 
668 


£69 
98F 


90F‘T 
669'T 
006 
18% 
L18'T 


C8P 
SG‘ T 
910'T 
GLL 
Geo‘ T 


‘T ‘ON 
910} xT Ul 
urerp 


“toss **pyay Joy eBay 


AAs 
“eT 
74! 
‘It 


“800 JO JequIny 


‘VITI ATA VL 


EXPERIMENT STATION BULLETINS. 303 


Grain Mixture No. 1. 


MiieMEOreL PUNO ts as toot ora cae ee ot ee tee sae 4 parts. 
Oats(oround): 3... .- Be eset te aia Mh or tani Sp Ne hh a a a eg 3 parts. 
vi TE 3 bh SI a es page ain, ta eee edie as arg clan tale Ae a 2 parts. 
STILE SSTE LIES he ah ee ara el eae A ants al arr Ree a 1 part. 


istedsmolasses beet apna ss. or oie. See a vib soc ersder, sks sf). oh Sa oie, Res 2 parts 
iT TES SPN Seta Dac AO ee, Serhan MO RR ee 1 part. 
SIRE ECC. ceed Sun tens Sane gant CRP to a ee 1 part. 


Grain Mixture No. 3. 


Soha ie epoca gal MERE Nee eee eee ete aati ees Set A ALLS 
Wheat bran. . SEOs aM sete Ooh, APNEA Le Sn hE RAN We EY TOS 
Cee restart. | eg. ret oe SOO) emia GON nie. mre Ee 


Grain Mixture No. 4. 
SUC etn ene neh An eae ee Ne ee ah a reaiote seein HN EE 


irre diber ip Wp a 3..95 26 thease oat Sor th) Me sterea eu) eee liad anSh parts: 
embers oh ie ua ge Ae tes ee Din. igil yeh A muds 1h = ges cd ae 3 parts. 
Wa heres loreite pka2 Nees pee a a a een Se fl bic eo Gels ane PARES 
Deere on AM es pee es ttoe oe Ee Lee ae ees a ee 2 parts. 


Grain Mixture No. 8. 


Witch nCesby puller hoe ahha ass lo ol hate eed es Nope Sa 
“NT IESTES GFT Ot gle INAS ene deem? Pe ONG tos Ong ed 
Conte aikc oleae ea ett a >, ey ah os Se ea ES 
Bothomseeaimen etme! Pi? Sh Wt oe Sey Nee knack yen | Ta 
imacedsinenics, “seaseebe aie 0 Sen Mees ely OE Se Ate Ack sap 


parts. 
parts. 
parts. 
part. 
part. 


met et ND CO 09 


Grain Mixture No. 9. 


LUI 51 | S/SFEL ESOT cine Rec ee Ae een IN cg IE ARE 29 0721) 905) 
Relicrep aor alee ge Soe arte ea Ie DA et) oa vrai ae eee EEE 
(OTE STIS get ah gaelic Saco OF tine ie Se 3 ot bog tO RE PR 2 parts. 
Entree CMMI oar vate ten ee Nee re el, he a a eats 1 part. 
1 SDSS 8/0 WY E/E None Wale a cl fon eat oa gee Aan a? 2 a ce O Si Mira Ae RE a fae (YN 


Grain Mixture No. 10. 
BAe CC Hepa. gk ete ae. hig he ee ts at ante DNS Cee Le t, A, AES 
Sai SECs ste OR ee IPE car era Ce oh cE oo core ha en See, AEDS: 
Cotton seed meal... lich rues Se area weer OS OF TG 
Linseed meal... 1 part. 


The composition of the different mixtures depended upon the feeding stuffs 
on hand, the proper balance of the ration, the kind of feeds immediately avail- 
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able, and in one or two instances the local prices. No attempt was made 
to demonstrate the superiority of one mixture over another. All cows 
were fed the same mixture while it was in use. 

The average amounts of feeds consumed expressed approximately in tons 
were: 


TRAV INN eyes fond SATS Sheer RENN So Ie oe lle a gee ED UN a .825 tons. 
SUC MMR ine c Ce eee ee ene rte ae ee eee ie one ee eM ea 3.2 tons. 
ea yee eft Bhat RRA UE bth e ek Be Sie tolok Le Riss 6 tee ee .609 tons. 
GTCEN! ACLOPSi Reed oe ck Geeks s LES Se Ae CRS Oem ee .214 tons. 
Be ee et Puy SNE REA, SE GB OE ELE: SU BORDON 
Rastures.i. . = AR Se EIT SPI Mare tla LE SOE 20 weeks. 


During the first year which was covered by the former report, the feeding 
for which is shown in Table IITA, the average amount of feeds expressed in 
tons was: 


GEENA Sic Se ole Ee Cena Puneet cL ehp en es Maren antes MEE MUN Sry ge get lo “tons: 
SLES 5 By Shee ig a Mar ti ganas Rate eter ACR Nein ite wees e cs ULO ET OITISt 
“ELD Shee bee, ee als SN A our Wad Ene eon A ea Op EE eee ae Rea ee ep .625 tons. 
IG RCEMICEOUS cee Oot tae tn ga Ce EE tale fees hee Meee be -20° ‘tons: 
PROD ESE REE eee Piet lace one eae rane i ae ec tee, SIE .25 tons. 
BAS UTE ore rete Sa Act ale Sige acs tS eyes ine eee 20 weeks. 


As has before been stated, it will be observed from a comparison of the 
above approximate figures that the silage could have been increased and 
the grain decreased with profit. The average cost of food as shown in 
Table II is $34.19 and in Table IJA $33.07; a difference of $1.12. This in- 
crease in cost could have been overcome by a more liberal use of silage and 
a slight reduction in the grain rations. 


INDIVIDUAL COMMENTS. 


A word of explanation regarding a few of the individual cows may be of 
interest, and may aid in the interpretation of their records: 

No. 13. This cow was a first class dairy cow, and a very persistant 
milker. In the third period of lactation she was well started toward equal- 
ing her first record, but was very severely affected by the treatments for 
the eradication of abortion and failed to recover completely from the same. 

Cow 34. This cow had a lactation period of only 260 days, but had to 
be removed from the herd as a result of the treatments above referred to. 

Cow 23. Dried up early during her second lactation period due to a 
temporary illness. 

Cow 21 ate $36.41 worth of food during her last lactation period. Of 
this $17.60 was for grain. This was too much for a cow of her dairy ability. 
She was a sleek smooth cow with an excellent appetite but with only limited 
ability for milk giving. For a cow of her type a liberal grain ration is usu- 
ally unprofitable. 

Cow 16. Probably no member of the herd excited more comment than 
did No. 16 that gave only 1205 pounds of milk during her first period of 
lactation and closed the first year $9.88 in debt for her years board. De- 
spite a good long rest she gave only 2395 pounds for the second period with 
$3.21 as the profit over food. At this time she failed to breed and was re- 
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moved from the herd with an unpaid balance on her total board bill of $6.67. 
As a business proposition No. 16 should have been sold for beef when she 
dried up the first year but from an experimental standpoint it was advisable 
to retain her in the herd. 

The cows whose records are herein reported were just ordinary cows, 
such as could be selected at random almost anywhere in Michigan. Their 
records as shown here are not phenomenal, but are just fair. The figures 
as given seem to show that the feeding and care of cows have much to do 
with a dairy farmers profit. 


39 
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MANUFACTURE AND STORAGE OF THE LIME-SULFUR SPRAY. 
BY 


ANDREW J. PATTEN. 


Circular No. 10. 


During the past year many requests have been made upon the chemical 
division of the Experiment Station for some specific information on 
certain points in regard to the manufacture and storage of the lime- 
sulfur spray. As the literature on the subject did not furnish the desired 
information, the investigations reported in the following pages were 
undertaken during the past summer. 

The methods of analysis used and a technical discussion of the in- 
vestigation are published in Technical Bulletin No. 6. 

The possibilities of substituting the lime-sulfur solution, as a summer 
spray, for the Bordeaux mixture have brought this spray solution very 
prominently to the front during the past few years. Then too, since 
Headden has shown that, in Colorado, the continued use of arsenical 
sprays has resulted, in many cases, in serious injury to the trees and also 
that the fruit from trees thus sprayed actually show traces of arsenic, 
this subject has become of very great economic importance. 

It is very doubtful, however, that the same conditions existing in Col- 
orado will ever prevail in the State of Michigan on account of the dif- 
ference in the soil conditions. Yet, the very fact that we are loading up 
our soils with materials in the form of spray solutions, that are actively 
poisonous should demand the attention of every one concerned. Although, 
at the present time, there may not be, and probably is no danger from the 
use of the arsenic compound, how long can this practice be continued 
with impunity? How long will it be before the danger and the damage 
from the excess of arsenic incorporated into the soil may be even greater 
than the damage due to the insects? 

These are questions that should demand the attention of every thinking 
person and should encourage a search for some less poisonous materials 
to take the place of the arsenic compounds. 

As a contact insecticide and fungicide the lime-sulfur solution is to be 
highly recommended because it possesses no poisonous properties. As a 
stomach poison it cannot of course replace the arsenical compounds in 
combating the sucking insects but it is not beyond reason to believe 
that some compounds may be found, less poisonous than arsenic, that 
will prove equally effective. 

Lime and sulfur may form several combinations depending upon the 
amount of sulfur uniting with a definite quantity of lime, or more 
properly speaking, the element calcium. Theoretically one element of 


1 This investigation was conducted by Mr. Jas. S. Harris, temporarily connected with this division 
during the summer of 1910. 
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calcium may combine with one, two, three, four or five elements of sulfur. 
Under the conditions that exist in the manufacture of the lime-sulfur 
spray, most of the lime and sulfur combine in the proportion of 1 to 5, 
forming a compound known as the penta-sulfide of calcium. If all of the 
calcium and sulfur combined in this proportion, then in the process of 
making the spray, the calcium and sulfur should be used in the pro- 
portion of one part of the former to four parts of the latter by weight or 
1.4 parts of lime to 4 of sulfur. Other compounds are formed, however, 
in the process and we find by calculation that the theoretical amounts 
of lime and sulfur that should be used to form the greatest amount of 
penta-sulfide are one part of lime to 2.28 parts of sulfur by weight. The 
commercial brands of lime are very seldom pure calcium oxide, as they 
contain varying amounts of magnesium oxide which reduces the 
efficiency, and we find that the proportion of one part of lime to two 
parts of sulfur by weight gives the more satisfactory results. 

That the insecticidal value of the solution is due chiefly to the penta- 
sulfide or higher polysulfides of calcium has been quite definitely estab- 
lished, and it is not probable that the other compounds formed possess 
any insecticidal or fungicidal value. Consequently in the discussions 
and tables which follow, only the total sulfur in solution and the amount 
of sulfur in sulfide form will be considered. 

The first point to be considered was that of the composition of some 
of the limes found upon the Michigan markets. The following brands of 
lime were used: 1—Kelly Island Lime. 2—A special low magnesia lime 
put out by the Michigan Lime Co. 3—Crescent Brand of Lime. 4—Ohio 
and Western Co’s Lime. 5—Kelly Island Lime and Transport Co’s Lime 
from White Rock, Ohio. 6—Bay Shore Superior Lime. 

These limes show ed the following analyses fO% calcium oxide and 
magnesium oxide. 


Sample. Calcium oxide. Magnesium oxide. 
% % 
Nese rats ase wv svar y ater aps toyecarehe, od sieye ieee 65.70 lets 
U2 SAegon Ouro COD OOM AU OOS 96.40 0.13 
BR ssioeos O Sige we ota clas.» 74.70 22.47 
(tes Gs Ato De Pome De OeG on cor oe 69.22 28.87 
Mar ooend HEcao oe COG D aod DOW Oe 57.66 41.97 
Cpt ene tetor ie acet clots ialirtare ta ototere totais 86.77 10.21 


With two exceptions, two batches of lime-sulfur solution were made up 
from each brand of lime, one according to the formula 60 pounds of lime 
125 pounds of sulfur and 60 gallons of water, designated by the letter A 
in column one of the table below, the other according to the formula 
50 pounds of lime, 100 pounds of sulfur and 50 gallons of water, designated 
by the letter B. 

The solutions were made in barrel lots in a wooden tank built for the 
purpose. Steam at 45 pounds pressure was used as the boiling agent 
and the solutions were boiled for one hour. Allowance was made for 
condensation of the steam so that the volume of the solution at the end 


308 STATE BOARD OF AGRICULTURE. 


of the boiling would be that called for by the formula used. Samples 
from each lot were drawn off and freed from sediment by filtration while 
hot, and when cold were analyzed. The results are expressed in per cent 
by volume. 


Sample. Total sulfur. Sulfide sulfur. Calcium oxide. Density, degrees 
6) 0 % Baumé. 
Tl Ves ioiacicicachotgie oe 18.00 14.32 8.22 18.2 
1B. cose nocdnngs 17.58 14.04 7.97 17.8 
DAV dears eis py selekons = 24.61 20.00 11.96 2000 
ONS) SIO OOOO o 21.08 Wakes 10.50 22.6 
SUN eoelolgttto a 8 Gere 19.96 16.22 9.07 20.4 
RBG Som Oe Oetae 20.55 16.35 9.63 21.2 
AAs ercl(e 0) nol elles eves 17.65 14.03 8.16 UCSC 
Ng deo OObDGD oon 13.65 10.98 6.36 13.3 
By Boocdoomocus 15.54 12.68 7.24 15.4 
GAPS Patera chenerets ts 20.93 15.93 8.30 21.8 


A study of the above two tables shows that the total sulfur in solution 
bears a relation to the percentage of magnesium oxide in the lime, that is, 
the higher the percentage of magnesium oxide in the lime used, the 
lower the percentage of sulfur in solution and the higher the percentage 
of calcium oxide in the lime used, the higher the percentage of sulfur in 
solution. 

If we arrange the samples according to the amount of total sulfur in 
solution we have them in the order 2, 6, 3, 1, 4, and 5. If we arrange 
them according to the amounts of magnesium oxide in the limes used, we 
have the order 5, 1, 4, 3, 6 and 2, which, with the exception of samples 1 
and 4, is the above order reversed. Samples 1 and 4 are very nearly 
alike, both in the amount of total sulfur in solution and the amount of 
magnesium oxide in the limes used, and as the variation is small it is 
not strange that, in the case of these two samples, the order is not re- 
versed. This may have been brought about by a slight variation in the 
amount of steam condensation in the two cases, which variation would 
cause a corresponding variation in the concentration of the solutions. 

This evident relationship between the amount of sulfur present and the 
percentage of magnesia in the lime might be due to a harmful effect 
of the magnesia or it might be due to the fact that when a definite for- 
mula is used, such as the 50-100-50 formula, the percentage of calcium 
oxide is cut down in the exact ratio in which the magnesium oxide is 
present. That is to say, if we weigh out 50 pounds of lime containing 
50 per cent of magnesium oxide, instead of having 50 pounds of calcium 
oxide we really have only 25 pounds. This matter will be more fully 
discussed in another place. 

From the above data no conclusion can be drawn as to which of the 
two formulae is the better. In each case, since the lime used is never 
pure calcium oxide, the sulfur is in excess. In some cases it is found 
that formula A gives the larger amount of soluble sulfur, and in other 
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cases formula B gives the largest amount. These variations are not large 
however, and are probably due to variations in the steam condensation. 


AN EXPERIMENT TO DETERMINE THE EFFECT OF MAGNESIUM OXIDE. 


From the results of the above experiment we are led to believe that the 
harmful effect of the magnesium oxide in the lime was due, not so much, 
to a deleterious effect, (the liberation of sulfur as hydrogen sulfide for 
instance) as it was to the fact that its presence reduces the quantity of 
calcium oxide. 

If magnesium oxide could unite with sulfur in the same way that cal- 
cium oxide does, then its presence would not be harmful but Gibboney* 
has stated that there is practically no reaction between the two materials 
when boiled together. 

In carrying out this experiment three brands of lime were used, show- 
ing the following composition : 


Calcium oxide. Magnesium oxide. 
% % 
Hele lleyaislam Ge laime rare terete ierololael sterol ensteter st. 74.4 22,5 
2 SBay Shore Superior Lime............... 86.8 10.2 
Stee baker Chemical Co: limes)... 1-1-1 99.0 1.0 


From each of the first two samples of lime, two lots of lime-sulfur 
were made up, the first according to the formula 100 grams lime, 200 
grams sulfur and 800 grams water, this being the same proportion as the 
50- 100-50 formula, used in the previous experiment. In the second lot 
in each case, the amount of lime was increased so that there was half as 
much calcium oxide as sulfur, the water remaining the same. From the 
third sample of lime, only one lot was made and in this, the ratio of 
lime to sulfur was as one to two. Each lot was boiled for one hour in a 
flask fitted with a condenser so that all the steam was condensed and re- 
turned to the flask, thus keeping the volume of the solution constant. The 
solutions were filtered while hot, allowed to cool and then analyzed. 


Total Sulfide Calcium Density 

Limes used. Formula. sulfur. sulfur. oxide. degrees 

% % -% Baumé. 
[VAS eta e tasks sataers cst 100—200-—800 17.34 14.06 8.02 20.7 
DIBA ead cas Bieroka sass 135-200-800 18.40 14.82 9.00 23.4 
DAC ee tane ee aleiersievenente 100-200-800 eae 14.28 8.30 21.8 
DB ir Aatas noe alevenare larsrae 115-200-800 18.42 15.63 8.44 PPjea | 
ESTs ever ius. cite erate sla s 101-200-800 18.60 15.28 8.85 23.4 


1 Virginia S t Commission. Circular No. 1, New Series. 
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An examination of the results given in column three of the above 
table shows that the amount of soluble sulfur is very nearly the same 
in all cases (1B-2B-3B) where the amount of lime was_ increased 
sufficiently so as to give the same amount of calcium oxide in each case 
and maintain the ratio of 1 to 2 between the calcium oxide and sulfur. 

The greatest variation in total sulfur is only 0.2 per cent. 

From these results we must conclude that the magnesium oxide does 
not effect the amount of sulfur going into solution providing enough 
of the lime is used so that the ratio of one part of calcium oxide to two of 
sulfur is maintained. It is not good economy, however, to buy lime high 
in magnesium oxide because more of it must be used and the greater 
the amount of magnesia the greater will be the amount of sludge, other 
things being equal. Either of the two formulae (60 pounds lime 125 
pounds sulfur and 60 gallons water or 50 pounds lime, 100 pounds sulfur 
and 50 gallons water) may be recommended, but in all cases it is sug- 
gested that an approximate analysis of the lime to be used, be obtained 
from the manufacturer, and such an amount of it taken that the ratio 
between the calcium oxide and sulfur shall be as one to two. 

The lime should be freshly burned stone lime or hydrated lime as free 
as possible from other impurities, such as sand, iron, ete. When hy- 
drated lime is used the quantity should be increased by approximately 
one half. 


AN EXPERIMENT TO DETERMINE THE EFFECT OF STORING THE LIME-SULFUR 
SOLUTION IN CONTACT WITH THE SEDIMENT. 


It has been claimed by many and particularly by some manufacturers 
that if the lime-sulfur solution is stored for any length of time in contact 
with the sediment a deterioration of the solution takes place due 
to a separation of some of the sulfur compounds in the form of crystals. 

In making the lime-sulfur solution on the farm it is advisable and 
often quite necessary to get the greater part of it made up before the rush 
of the spring work comes on and as it is practically impossible to make 
a satisfactory separation of the solution and sediment without the aid 
of a rather costly filter press, due to the nature of the sediment, the 
following experiment was undertaken to find out, whether or not, the 
sediment does cause a deterioration in the solution. For this purpose 
several samples of lime-sulfur solution were made up, analyzed and al- 
lowed to stand for periods varying from four to seven weeks and again 
analyzed. For the sake of comparison, filtered portions of each sample 
were set aside under the same conditions. The results are given in the 
following table and the samples designated 1A, 2A, etc., are the analyses 
of the original solutions. 1B, 2B, etc., are the analyses of the solutions 
that have stood in contact with the sediment. 1C, 2C, etc., are the an- 
alyses of the corresponding filtered solutions. Samples 1, 3, 5 and 7 were 
made according to the formula 60-125-60 and the samples 2, 4, 6 and 8 
according to the formula 50-100-50, 


Sia) e) ass) e 005 ee e\s\\e 6 


EXPERIMENT STATION 


Time allowed 
to stand. 


0 weeks 
6 weeks 
7 weeks 
0 weeks 
6 weeks 
7 weeks 


0 weeks 
6 weeks 
7 weeks 
0 weeks 
5 weeks 
6 weeks 
0 weeks 
5 weeks 


0 weeks 


4 weeks 


0 weeks 
4 weeks 


5 weeks 


O weeks 
4 weeks 


5 weeks 


BULLETINS. Sst 

Total Sulfide Calcium Density 

on degrees 

sulfur. sulfur. oxide. Bane 
18.00 14.32 8.22 18.2 
17 36 14.00 8.12 17.9 
16.40 7/83 8.13 18.4 
17.58 14.04 Meo 17.8 
16.83 13.63 7.84 Pas) 
16.62. 12.54 8.12 18.1 
24.61 20.00 11.96 PAG 
21.05 17.53 10.64 Zoe 
24.34 19.39 11.62 25.8 
21.08 ale pae Uy 10.50 22.6 
20.30 16.26 10.20 21.8 
21.02 16.71 10.30 22.8 
19.96 16.22 .O7 20.4 
19.33 15.58 APA's 20.2 
20255 16.35 9.63 PAN 
20.59 16.61 9.46 PAL ysl 
13.65 10.98 6.36 Loe 
13.31 10.68 6.22 13.0 
13.43 10.45 6.40 13.6 
15.54 12.68 7.24 15.4 
15.44 12.65 6.90 15.4 

P 

15.53 12.62 7.08 Lert 


With two or three exceptions, which are easily explained, there is 
very little difference between the filtered and unfiltered solutions after 
standing for several weeks, neither do they vary much from the original 
In the first sample, the filtered solution 1C, was found to be 
much weaker than the unfiltered, and this is explained by the fact that 
the stopper of the bottle containing the solution did not fit tightly, thus 


solutions. 


allowing it to be more or less exposed to the air. 


Samples 3B and 4B 


were found to contain less soluble sulfur than the corresponding filtered 
solutions, and this is explained by the fact that from each of the barrels 
in which these solutions were stored portions were removed for use by 
the Horticultural department thus leaving a large air space over the so- 
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lutions. These results confirm the conclusions of other experiments, 
viz: that if the lime-sulfur is to be stored for any length of time the 
containers should be filled completely full and stoppered tightly to ex- 
clude all air. 

We may conclude then, from the above experiment, that when the 
lime-sulfur solutions are made according to the formula recommended 
there is practically no deterioration in the solution when kept in contact 
with the sediment providing it is stored properly. 

Later results have demonstrated that when the lime-sulfur solution 
is made according to a formula calling for an excess of lime there is liable 
to be a very considerable deterioration in the solution when kept in 
contact with the sediment for any length of time, even when stored 
properly. 

The sediment possesses no insecticidal or fungicidal value although it 
is sometimes beneficial in serving as a marker during the spraying op- 
eration. In purchasing commercial solutions it would be poor economy 
therefore, to buy a solution containing sediment and pay lime-sulfur 
prices for the comparatively worthless sludge. 


EXPERIMENT TO DETERMINE THE EFFECT OF RE-HEATING THE SOLUTION 
BEFORE USING. 


It has been recommended that lime-sulfur solutions which have been 
allowed to cool should be re-heated before using. In order to determine 
whether or not there is a distinct advantage in doing this, samples 3, 4 
and 8 of the above experiment were used. In samples 3 and 8 the excess 
of sulfur in the sediment was large; in sample 4 the excess of sulfur 
was small. 

The analyses corresponding to the numbers 3B, 4B and 8B represent 
the samples that have stood for several weeks in contact with the sedi- 
ment. The analyses corresponding to the numbers 3D, 4D and 8D rep- 
resent portions of the same samples that have been re-heated nearly to 
boiling in contact with the sediment. 


Ss 1 Total sulfur. Sulfide sulfur. Calcium oxide. Density degrees 
ample. % % % Baumé. 

SB As wevtevarnemtonae 21.05 172.55 10.64 2301 
BD) A raysucteee Ate heels PASS We C/ 0 10.61 23.4 
ALTON core cevntcustecte ents 20.30 16.26 10.20 21.8 
AD thavetove als cron eee 20.63 16.59 10.07 22.2 
SBM Poti e cients 15.44 12.65 6.90 15.4 
SDinsecmaecsesres 15.42 T2532 6.93 15.3 


In the first two samples there is a slight increase in total sulfur and 
also in sulfide sulfur in the samples that have been re-heated but the 
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increase is so small that we may safely conclude that, with solutions 
made according to the formula recommended in this bulletin, there is no 
advantage to be gained by re-heating the solution before using. 

From the results reported in the preceding pages it is plainly evident 
that the lime-sulfur solutions vary considerably in strength and this is 
not only true of home-made solutions but also of commercial prepara- 
tions. In order, then, for the orchardist to do uniform work in his 
spraying, there should be some simple and fairly accurate means of de- 
termining the strength of the solution. The relationship between the 
density and amount of solids in solution, or in other words the specific 
gravity, may be taken as a measure of strength. The Baumé hydrometer 
is most commonly used for determining the density, and the results are 
expressed in degrees, compared with water at 0 degrees. The strength of 
the solution, when determined by the hydrometer, should always be made 
upon the clear liquid, free from sediment. The following table gives the 
approximate percentage of soluble sulfur in solutions varying from 33 to 
17 degrees Baumé, and the dilutions for winter and summer spraying. 


Dilute to fifty gallons. 
Density, degrees. Total sulfur. Pounds of sulfur 
Baumeé. in eae OL a aS SSS 
For winter For summer 
spray. spray. 
% Ibs. gals. gals. 
SR ykic 6 GIR bBo Dei a hat oie 26.0 2.7 64 14 
SOM Pe sett st PES 25.0 2.6 63 13 
Sills & Sergio plaid ao cleo ota 24.0 2.5 64 14 
Woes cmausredesopodeoce 23.0 2.4 a 13 
DOE Caray teers 22.0 AG 7h 13 
Dats Sry ars Caco e RECHT eae 21.0 2.2 q4 13 
DAT 3 86 el bio ERED Ow CIT OIE 20.0 2.1 8t 2 
ON AE ase ae EC EN ee eee 19.5 2.0 83 2 
PAS) 5 Ses ORCC OLS POA WERENT 19.0 et) oy 9 2 
OY be pecae tee Palle ay yews fap 18.5 1S" 94 24 
VES Cec GUNG HONE OREO 18.0 1.8 | 93 24 
Soe ee eee ee 17.75 1.7 | 10 24 
ON a oa a aie cel baN EAE Bree 17.0 1.6 104 2h 
DLV) Sah et ee Re Bae + VA16275 1.6 | 103 23 
1 | ciency Gicdc eC RICRAIC OL Aue eae 16.25 stay | 1143 23 
LS ae NS wast oe ae ees a 16 1.5 | 113 23 
| UF eS Ate tac SEER Presta ore ayaa 1.4 12 23 
SUMMARY. 


1. Either of the two formulae (50-100-50 or 60-125-60) used in the 
foregoing experiments, are recommended for the home-making of lime 
sulfur solutions. When the lime is very rich in calcium oxide the 60-125-60 
is preferable. 
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2. The lower the amount of magnesium oxide in the lime used the 
higher will be the per cent of sulfur in solution, other things being 
equal. : 

3. An approximate analysis of the lime should be secured and such 
an amount used so that there shall be one half as much calcium oxide 
as sulfur. 

4. When the solutions are made according to the formulae recom- 
mended above, there is no advantage to be gained in filtering the solution 
before storing. 

5. The re-heating of the lime-sulfur solutions before using is not 
necessary. The increase in soluble sulfur is not sufficient to pay the 
cost of such an operation. 
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LIME FOR AGRICULTURAL PURPOSES. 


Circular No. 11. 


A. J. PATTEN AND J. A. JEFFERY. 


A great deal of interest has been exhibited during the past year in the 
use of lime for agricultural purposes. This circular is issued to supply 
the demand for information on this subject but the authors do not 
wish it to be understood as an unqualified recommendation for the use 
of lime. It is undoubtedly true that there are soils in the state that 
will be benefited by the use of lime just as there are soils that will be 
benefited by the use of some form of commercial plant-food but it is 
equally true that there are many soils that would receive no appreciable 
benefit from the use of lime. Up to this time no reliable laboratory 
method has been devised by which this information may be obtained. 
The litmus paper test has been relied upon for the purpose but it is 
very untrustworthy since with soil solutions having very finely divided 
soil particles in suspension the paper is often reddened, while the solu- 
tion, freed from the soil particles, gives an alkaline or neutral reaction. 
This phenomenon is explained perhaps, by the fact that the soil particles 
have a great absorbing power, and the blue litmus dye being more 
soluble than the red litmus dye, is absorbed leaving the paper red. 
Perhaps the most reliable indicator of the need of lime is the failure 
of clover to make a satisfactory stand when all other conditions are 
favorable. 

The practice of using lime is almost as old as agriculture itself. The 
Chinese were probably the first to use lime on the soil; it was also used by 
the Romans and by them the practice was introduced into England and 
France. In England the practice of marling the soil has been followed 
for centuries, and often with marked results. The first mention of lime 
in connection with American agriculture is found in the contributions 
of Ruffin in the “American Farmer” in 1818. Although lime has been 
used more or less extensively by the farmers of the United States for 
the past century, its action upon the soil is not generally understood. 
Lime should never be considered as a fertilizer in the same sense that 
barnyard manure or commercial fertilizers are. It can never take the 
place of these materials but should be used in connection with them. 
Generally speaking, all soils contain a sufficient amount of lime to meet 
the plant-food requirements of crops for this element for all time, con- 
sequently the benefits from lime are shown in another way. It is usually 
spoken of as an “amendment” or “modifier” because it is capable of 
correcting conditions that may be inimical to the best growth of plants. 

Lime may act upon the soil in three ways, viz.: chemically, physically 
and biologically. 

Chemical Action—Lime acts upon the insoluble potash compounds in 
the soil changing them into forms available as plant-food. This action 
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should not be depended upon, however, as a means of supplying the 
crops with available potash to the exclusion of artificial fertilizers, for 
unless the soil contains an almost unlimited supply of potash, we are 
only hastening the time when the soil will be depleted of this form of 
plant food. Whether or not lime affects the availability of the insoluble 
phosphoric acid compounds is a disputed question. 

The most important chemical action of lime upon soils is to “correct 
acidity.” Soils that have been cultivated for a great many years may 
become acid due to the accumulation of organic acids produced by the 
decomposition of organic matter. Many crops are affected by an acid 
condition of the soil and in such cases are greatly benefited by the addi- 
tion of some form of lime or material containing lime such as marl or 
hardwood ashes. 

Physical Action.—Heavy clay soils that puddle and bake after a rain 
are benefited by the addition of lime. It acts beneficially upon a soil 
in this condition by binding the fine particles together in “crumbs,” thus 
making the soil more friable and easy of cultivation. It also makes it 
more open and porous thus facilitating the movement of air and water 
in the soil. The action of lime on sandy soils is quite the reverse of 
that on clay soils since it binds together the loose particles of sand and 
makes the soil more retentive of moisture. 

Biological Action—The decomposition of organic matter added to the 
soil in the form of barnyard manure, green manure, stubble, etc., is 
brought about by the action of the numberless bacteria that live in the 
soil. Certain of the soil bacteria living in connection with the roots 
of legumes, such as the clovers, vetches, alfalfas, beans and peas are 
able to take nitrogen from the air and change it into a form that is 
available to plants. In order for these bacteria to accomplish the most 
good, the soil conditions must be favorable for their best development, 
and this condition may sometimes be improved by the addition of some 
form of lime. 

There are several forms of lime that may be used for agricultural 
purposes and the choice of the form should depend upon the purpose for 
which it is to be used and also upon the price. 

Ground Limestone.—The word lime as ordinarily used, refers to burned 
lime or calcium oxide, but it is very often used to designate any form 
of lime without regard to its composition. Limestone in its natural 
state consists of lime or calcium oxide in combination with carbon-dioxide 
and is known as carbonate of lime. It usually contains more or less 
of magnesium carbonate together with some iron, aluminum and sand. 
It was originally supposed that magnesium limestone was injurious, 
especially if used on the same soil for several years, but later researches 
have proven that this belief is untrue and that it is equally valuable as 
the pure calcium limestone, for use on soils. Good limestone should 
contain at least 90 per cent calcium and magnesium carbonate. 

The availability of the ground limestone depends upon its fineness. It 
should all pass through a sieve of 80 meshes to the inch. Material 
coarser than that may remain in the soil for several seasons before be- 
coming available. This form of lime may be applied to the soil in almost 
any quantity without danger, although it is generally recommended at 
the rate of 2,000-2,500 pounds per acre. 

Burned Lime.—tThis is also known as “stone lime,” “lump lime,” 
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“quick lime” and “caustic lime.” It is produced from the raw lime rock 
by burning. One hundred pounds of limestone will produce 56 pounds 
of burned lime. This is the most active form of lime and may be used 
at the rate of 1,000 to 1,200 pounds per acre. Much larger quantities 
are sometimes used but the above amounts should be sufficient in most 
cases. 

This form of lime is usually put upon the markets in lumps and be- 
fore being applied to the soil must be reduced to powder form. This is 
conveniently done by placing the lime in small piles about the field 
and covering it with three or four inches of moist soil. The lime will 
absorb the moisture from the soil and gradually break down into a fine 
powder, when it may be spread with a shovel. 

Ground burned lime may be purchased at a slightly advanced price. 

Hydrated Lime.—When burned lime is treated with water or steam it 
enters into combination with the water and forms what is chemically 
termed calcium hydrate or hydrated lime. This form, like burned lime, 
is caustic but it is always in the powder form and may be readily ap- 
plied to the soil. Fifty-six pounds of burned lime are equivalent to 
74 pounds of hydrated lime. This form of lime is also known as slaked 
(slacked) lime. 

Air Slaked Lime.—When burned lime is exposed to the action of the 
air for any considerable length of time it gradually takes up moisture and 
carbon dioxide and changes to the hydrate and carbonate forms. If ex- 
posed for a sufficiently long time it will all change to the carbonate form 
or the state in which it was before burning. Its value lies somewhere 
between that of hydrated lime and ground lime-stone. 

Refuse Lime from Sugar Factories.—Burned lime is used in the pro- 
cess of recovering sugar from the sugar beet and this waste lime is 
partly hydrated and partly carbonated and is consequently very similar 
to air slaked lime and should be used in about the same amounts. This 
lime also contains small amounts of nitrogen, phosphoric acid and 
potash absorbed from the beet juices. 

Marl is found quite extensively throughout the state and many of the 
deposits are very pure calcium carbonate. When the cost of laying 
down marl on the farm in a dry powder form does not exceed $1.50 per 
ton it may profitably be used as a substitute for commercial lime. 

Leached Hardwood Ashes, contain from 65 to 70 per cent calcium car- 
bonate and under favorable conditions may be used as a substitute for 
commercial lime. Unleached ashes are more valuable for the potash 
they contain and should not be used as a source of lime except in cases 
where this element is also needed. 

Burned lime, hydrated lime and air slaked lime are caustic, diminish- 
ing in degree, however, in the order named. The fine powder is irritating 
to the skin and nostrils and its application to the soil is usually attend- 
ed with more or less discomfort by the persons doing the work. Ground 
limestone is not caustic and consequently is not irritating to the skin. 

When the lime is to be used on heavy clay soils to correct the physical 
condition, the burned lime or hydrated lime are recommended as these 
forms act more rapidly than the ground limestone. For use on light 
sandy soils the ground limestone or marl is recommended. 
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EQUIVALENT WEIGHTS. 


1,000 pounds burned lime is equivalent to: 
1,351 pounds hydrated lime. 
1,786 pounds ground limestone or marl. 
1,851-1,786 pounds air slaked lime. 
About 3,000 pounds hardwood ashes. 

After several years of careful experimenting upon the use of lime on 
various soils and with many different crops, Dr..H. J. Wheeler of the 
Rhode Island Experiment Station has made a classification of plants 
according to their action with reference to lime. 

The following table is based on Wheeler’s classification : 


Plants benefited by lime. Plants indifferent to lime. Plants injured by lime. 
Beans. Corn. Watermelon. 
Beets. Millet. Blue Lupine. 
Celery . Golden Rye. Sheep Sorrel. 
Onions. Potatoes. 

Cabbage. Carrots. 
Pea. Red Top Grass. 
Alfalfa. 

Clover. 

Barley. 

Wheat. 

Oats. 

Timothy. 

Kentucky Blue Grass. 

Seed Fruits. 

Stone Fruits. 


In a number of cases in this state lime has been found to be very 
beneficial for clover and alfalfa. 


HOW TO APPLY. 


If the lime is being applied for the benefit of any immediate crop, 
it should be applied, in whatever form used, after the plowing has been 
done and should then be thoroughly harrowed into the surface soil. It 
is best to make the application some little time before sowing the crop. 

Whatever form of lime is used, if it is in a fine condition, either as 
the result of grinding or of slaking, the best method of applying it to the 
soil is by the use of a lime spreader, of which there are a number of 
kinds on the market. The ordinary fertilizer drill does not spread any 
of these materials well except the very finely ground limestone. 

It is occasionally recommended that lime in whatever form, if in a 
fine condition, be applied to the soil by hand, much as one would sow 
grain by hand. In windy weather this method is likely to prove very 
disagreeable to the sower. At any time unless gloves are used, the lime 
is very likely to irritate the hands. 

A very satisfactory way is to distribute the material in piles two rods 
apart each way, and then later each pile can be spread with a shovel 
over an area extending about one rod in all directions from the pile— 
ach pile is spread so as to cover four square rods of area. A fairly 
even distribution can be made in this way and the distribution is im- 
proved when the lime is harrowed into the soil. By this method there 
will be forty piles to the acre. The amount of material to be put in 
each pile is found by dividing the rate of application in pounds per 
acre by forty. If the rate be 800 pounds per acre 20, (80040) pounds 
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is the amount per pile. If the rate be 1,200 pounds per acre 30, (1,200 
40) pounds is the amount per pile. 

In applying underground or unslaked burned lime, probably the best 
way is to distribute in piles as described above and allow to stand until 
slaked. It will not require a long time for the air to accomplish the 
slaking. A small amount of water may be applied to each pile, though 
this might prove something of a task. A few shovelfuls of moist soil 
thrown upon each pile is said to accomplish the slaking in a very short 
time. When the slaking has been accomplished the spreading should 
be done as indicated above. 

The manure spreader has been recommended for spreading lime. The 
method proposed is to load the spreader just full with manure, being 
careful to level the load evenly. A proper amount of lime is then spread 
over the top of the load and is thus spread with the manure. Some 
objection has been offered to this method in windy weather. The amount 
of lime to be added to each load of manure may be determined by divid- 
ing the intended application per acre, by the number of loads of manure 
which is being applied per acre. If six loads of manure is the rate of 
application and 900 pounds of lime is to be applied per acre 150, 
(9006) pounds is the weight of lime to be added to each load of manure. 
If 1,200 pounds is the rate at which the lime is to be applied per acre, 
then 200, (1,200-6) pounds of lime is added to each load. 

In applying marl it is best to dig the marl, throw into piles, and allow 
to stand for some days or even weeks before hauling to the field. By 
some it is recommended that the marl should be dug in winter. This will 
allow much of the water in the marl at the time of digging to evaporate. 
The marl should then be hauled to the field and distributed in piles 
as described above. When air dry, the marl is easily pulverized and 
distributed. A slanting blow with the back of a shovel will usually 
reduce a large lump of air dry marl to powder. 

As stated above not all soils are benefited by an application of lime. 
Probably the great majority of Michigan soils will not be benefited by 
an application of lime. There is only one sure way of determining 
whether a soil needs lime and that is by trial. An application of lime 
over a whole field would be a waste of both time and money if the 
field were not in need of such an application. It is suggested that the 
farmer who has not already proven for himself whether his soils need 
lime would better conduct a few simple experiments at different points 
on his farm. <A few barrels of lime or a few tons of limestone or a 
few loads of marl would not cost a great deal and the labor of treat- 
ing a strip with lime or ground limestone here and there across different 
fields in which crops were to be grown or to treat a small area here and 
there, at different points in fields in which crops are to be grown, would 
involve but a small amount of labor. These areas should be very care- 
fully located and marked and the results of the applications should be 
carefully studied on the succeeding crops. It is possible that the effects, 
good or bad, may be easily apparent. It is possible that there will be 
no effects and it is possible that the effects can be discovered only by 
carefully cutting and weighing the crop from portions of the treated 
areas and comparing them with the crops produced upon equal adjacent 
areas. 

Cautions.—Lime should not be applied to manure piles nor to the lit- 
ter in the barn. 

Lime should not be applied to land being prepared for potatoes. 
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FOREWORD. 


Special Bulletin No. 54. 


All fruit trees, bushes and vines are attacked by many insects and 
diseases that may destroy the crop entirely or very seriously lessen its 
value. Fruit buyers and dealers do not care to buy or handle fruit 
from orchards that have not been well sprayed. 

Proper, thorough and systematic spraying will protect the tree or bush 
and may cause the difference between success and failure in the produc- 
tion of a profitable crop. 

This outline aims to give methods of control for the more common 
insects and diseases only. For pests not included, write to the Depart- 
ment of Entomology or the Department of Horticulture, Michigan Agri- 
cultural College, East Lansing, Mich., as the case may be. Or consult 
special bulletin 24, “Insects Injurious to Fruits in Michigan,” and 
regular bulletin 233, “Insects of the Garden.” 
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GENERAL TREATMENT FOR APPLES. 


When to Spray. 


As late as possible 
before buds start. 


Just before the blos- 
soms open. 
Fig. 2. 


Just after the blos- 
soms fall and stamens 
wither. 

INES A 


Ten days to 2 weeks 
after the previous 
spraying. 


First week in 
August. 


Too early. 


41 


What to Use and What For. 


Strong lime-sulphur wash, if San Jose scale is 
present. This scale must be destroyed or it will ruin 
the trees. 

For scurfy-scale use lime-sulphur wash as late 
as possible before buds swell. 


Bordeaux mixture or dilute lime-sulphur solution 
for scab, leaf-spot diseases and canker, with poison 
for canker-worm and bud-moth. 

The experience of some growers indicates that this 
spraying may be omitted if one has been made with 
lime-sulphur for San Jose scale, unless canker-worm 
is present. 


Bordeaux mixture or dilute lime-sulphur solution 
for the diseases mentioned before with a poison for 
bud-moth, tussock-moth, codling-moth and other in- 
sects. 

This and the last are the most important single 
sprayings. Do not neglect them. 


Same mixture for diseases and insects mentioned 
above. 


Bordeaux mixture, not full strength, or dilute lime- 
sulphur solution, and poison, full strength, for the 
second generation of codling-moths, except on sum- 
mer varieties. 

This is an important spraying, especially for late 
fall and winter varieties. 

See ‘“‘When the Coddling-Moth Flies” on later page. 

The lesser apple-worm, when present, requires a 
spray of poisun when standard winter varieties are 
from 1 to 11% inches in diameter. 

A diluted solution of the boiled lime-sulphur wash 
has come into considerable use during the past few 
years as a substitute for the Bordeaux mixture for 
spraying apples. See later page. 


Just right. 
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GENERAL TREATMENT FOR PEACHES. * 


When to Spray. 
Early in the spring, 


surely before the buds 
swell. 


FOR ORCHARDS AFFECTED 


When to Spray. 


ist time. 


2nd time. 


3rd time. 


What to Use and What For. 


Strong lime-sulphur wash for San Jose scale, if 
present. This spraying will also answer for the leaf- 
curl. If San Jose scale is not present, Bordeaux mix- 
ture for the leaf curl. 


WITH THE BROWN ROT, SCAB, AND CURCULIO. 
What to Use and What For. 


About the time the shucks are shedding, spray 
with arsenate of lead at rate of 2 pounds to 50 gal- 
ions of water. 


Two to three weeks later or about one month after 
the petals drop, spray with 8-8-50 self-boiled lime- 
sulphur and 2 pounds arsenate of lead. 


About one month before the fruit ripens, repeat 
the above spraying, omitting the poison. 


For early varieties the first two sprayings will 
probably be sufficient, unless the season is very wet 
and the varieties very susceptible to rot. 


*This line of treatment and the preparation of the 
self-boiled lime-sulphur mixture are based upon the 
recent successful experiments of the Bureau of 
Plant Industry of the Department of Agriculture. 


EXPERIMENT STATION BULLETINS. 323 


FOR BROWN ROT AND SCAB, WHERE THE CURCULIO IS NOT TROUBLESOME. 


When to Spray. 


{st time. 


2nd time. 


3rd time. 


When to Spray. 


What to Use and What For. 


Two or three weeks after the petals fall, with 
8-8-50 self-boiled lime-sulphur. 


About three weeks later, repeat previous spraying. 


About one month before fruit is expected to ripen, 
repeat previous spraying. 


FOR SCAB ONLY. 
What to Use and What For. 


About one month after petals fall, spray with 
8-8-50 self-boiled lime-sulphur and again three or 
four weeks later. 


In applying the self-boiled lime-sulphur mixture, 
special care must be taken to keep it well agitated. 
The mixture settles rapidly and unless well agitated 
it will not be evenly sprayed. With the last spray- 
ing use fine nozzles and give the trees a uniform 
coating of a mist-like spray 


GENERAL TREATMENT FOR PEARS. 


When to Spray. 


Same as for apple. 


Pear blight. 


What to Use and What For. 


Strong lime-sulphur for San Jose scale, blister-mite 
and pear-psylla, if present. For scurfy-scale use 
lime-sulphur as late as possible before buds open. 
Bordeaux mixture with poison as directed for the 
apple. 


Whenever a blighted branch is found, cut back to 
sound wood and burn. 

Systematic inspections made during fall, winter, 
and early spring, a short time before blossoms open, 
to remove all “winter hold-over” cases, is very bene- 
ficial. 

After each branch is cut, disinfect tool by wiping 
with a cloth or sponge moistened with 5% carbolic 
acid. 


If “slugs” appear, spray with an arsenical, if not 
too near ripening of fruit to be dangerous. In case 
of early pears, dust with fresh hydrated lime. 


GENERAL TREATMENT FOR PLUMS. 


When to Spray. 


Early in the spring 
before growth starts. 


Just before buds 
swell. 


What to Use and What For. 


Strong lime-sulphur wash for San Jose scale or 
European fruit-scale, if present, the same as for apple. 


Bordeaux mixture or self-boiled lime-sulphur mix- 
ture for fruit-rot, leaf-spot, and black-knot, with 
arsenate of lead for curculio. 
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Immediately after 
the blossoms fall. 


Ten days or two 
weeks later. 


Bordeaux mixture or self-boiled lime-sulphur mix- 
ture for fruit-rot and leaf-spot with arsenate of lead 
for curculio. (For the Japanese varieties, dilute the 
Bordeaux about one-half, or use self-boiled lime-sul- 
phur mixture.) 


Repeating the previous sprayings will tend to 
check the fruit-rot and curculio. This spraying 
should be repeated every 10 days or 2 weeks until 
there is danger of staining the fruit; stopping at 
least a month before picking time. 

On varieties especially susceptible to rot, an appli- 
cation of weak copper sulphate may be made about 
2 weeks before ripening. No poison should be added. 
One pound copper sulphate to 150-200 gallons of 
water. 


Black knot.—At the annual pruning, cut out all 
knots. 

A careful inspection should be made in the early 
spring, and all knots cut out and burned. Cut back 
several inches below the knot. 

Wild cherry trees harbor the trouble and if near 
plum or cherry orchards, should be removed, if pos- 
sible. 


GENERAL TREATMENT FOR CHERRIES. 


When to Spray. 


Early in the spring 
before growth starts. 


Just before the blos- 
soms open. 


Just after the _ blos- 
soms fall. 


Ten days to 2 weeks 
later. 


What to Use and What For. 


Strong time-sulphur wash, if San Jose scale is 
present. The same as for apple trees. 


Bordeaux mixture or self-boiled lime-sulphur mix- 
ture for fruit rot and leaf-spot. This is especially 
valuable on English Morellos for leaf-spot. 


Bordeaux mixture or self-boiled lime-sulphur mix- 
ture for fruit-rot and leaf-spot, with arsenate of lead 
for curculio and slug. 


Bordeaux mixture or self-boiled lime-sulphur mix- 
ture for fruit-rot and leaf-spot. This spraying may 
not be necessary, depending upon the susceptibility 
of the variety to fruit-rot and the weather conditions 
of the season. 


The large, black lice may be killed with tobacco 
water, if it is applied before the leaves curl too 
tightly. 


If slugs appear after picking, spray with arsenate 
of lead. 
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GENERAL TREATMENT FOR GRAPES. 


When to Spray. 
When the shoots are 
about 8 to 10 inches 
long. 
Just before blooming. 
Just as the blossoms 


fall. 


About 10 days or 2 
weeks later. 


What to Use and What For. 


Bordeaux mixture for black-rot. 


Bordeaux mixture for black-rot, with poison for 
the grape-berry moth and rose-chafer. 


Same as before. 


Bordeaux mixture and poison for black-rot and 
berry-moth. The need for this spraying depends upon 
the weather conditions and the amount of rot preva- 
lent in the vineyard. If it is thought advisable to 
make later sprayings, some material should be used 
that will not stain the fruit. 


In vineyards where flea-beetles appear,. Bordeaux 
and a strong arsenical poison just before the buds 
burst. 


In vineyards where the grape-berry moth is seri- 
ous, spray with Bordeaux and an arsenical poison 
during the middle of July, before the 20th. 


For leaf-hoppers (sometimes, but incorrectly, called 
“thrip”) tobacco-water or kerosene-emulsion while 
the insects are young. (Burning rubbish late in the 
fall will destroy many hibernating leaf-hoppers.) 


GENERAL TREATMENT FOR CURRANTS AND GOOSEBERRIES. 


When to Spray. 


Before growth starts. 


Just as the leaves are 
expanding, if worms ap- 
pear. 


What to Use and What for. 


Lime-sulphur wash for San Jose scale or European 
fruit scale, if present. Cut out and burn wilted and 
hollow canes containing borers. 


Bordeaux mixture and poison, 4 pound of Paris 
green or 2 pounds of arsenate of lead, to 50 gal- 
lons. Repeat if worms reappear before fruit is 4 
grown, if later, then use pyrethrum or hellebore. 


If leaf-bugs or aphids appear, spray with tobacco- 
water or kerosene-emulsion while the bugs are red 
and wingless, and before leaves become curled. 


Gooseberry-mildew. Where this disease is known 
to be serious, begin from the time the buds start and 
spray with potassium-sulphide, 1 oz. to 2 gallons of 
water, and repeat about every 10 days. 
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GENERAL TREATMENT FOR RASPBERRIES, BLACKBERRIES 
AND DEWBERRIES. 


When to Spray. What to Use and What For. 
Orange rust, deter- No method of preventing. Dig the plant as soon 
mined by the bright, as discovered and burn. 


orange color on the un- 
der side of the leaves. 


Anthracnose, grayish Cut out and burn all canes after fruiting. Spray- 
spots on the canes and ing may check the disease, but may not be profit- 
leaves. able. If desirable, make first spraying when new 


canes are 6 to 8 inches high, and repeat twice about 
2 weeks apart. Do not set diseased young plants. 


Cut cut and burn borers in stem, gouty galls, and 
tree-cricket eggs. 


“Worms” or “slugs.” Spray with an arsenical if fruit is just set, later 
use hellebore or pyrethrum. 


GENERAL TREATMENT FOR STRAWBERRIES. 
When to Spray. What to Use and What For. 


Young plantations. Before setting the young plants, pick off all dis- 
eased leaves and if root-lice are suspected, dip in 
strong tobacco-water. After growth starts spray wich 
Bordeaux, for leaf-spot and poison for leaf-curl, if 
present. 


Fruiting plantations. Spray with Bordeaux before blossoming and re- 
peat 10 days or 2 weeks later. After fruiting, mow 
and burn over, if plantation is to be fruited again. 
If leaf-rollers have been present, spray with an 
arsenical after growth has started again, but before 
leaves curl. 


For strawberry root-lice, see bulletin 244, page 88. 


GENERAL TREATMENT FOR POTATOES. 


When to Spray. What to Use and What For. 


For scab. Soak the uncut tubers for two hours in 30 gal- 
lons of water and one pint of formalin (can be se- 
cured of any druggist). This solution can be used 
several times. Do not put treated tubers back into 
crates or bags that held scabby potatoes. Make the 
treatment only a few days before planting if pos- 
sible. Do not plant upon land that has recently 
grown crops of scabby potatoes or beets. 
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When large quantities of potatoes are to be treated, 
formaldehyde gas may be used to advantage as fol- 
lows: * “Place seed tubers in bushel crates or shal- 
low slat-work bins in a tight room. For each 1,000 
cu. ft. of air space in the room, spread 23 ounces of 
potassium permanganate evenly over the bottom of 
a large, flaring pan or pail placed in the middle of 
the room. Pour over this three pints of formalin. 
Close room at once and do not open for 24 or 48 


hours.” 
For blight and Begin spraying with Bordeaux mixture and poison 
“bugs.” when the “bugs” first appear, or when the plants 


are about 8 inches high, and repeat about every 2 
weeks as long as the plants are growing. Spray 
often in warm, muggy weather; it is not as neces- 
sary in dry weather. 

Use Bordeaux mixture (6 pounds copper sulphate 
and 4 or 5 pounds of lime to 50 gallons of water, 
and put in the poison, about 14 pound of Paris green 
or 2 pounds of arsenate of lead, or 1 quart of the 
stock solution of Kedzie mixture. 


PREPARATIONS OF SPRAY MIXTURES. 
FUNGICIDES. 


DILUTE BOILED LIME SULPHUR SOLUTIONS FOR SUMMER. 
SPRAYING OF APPLES. 


During the past seasons, tests have been made to determine the com- 
parative value of dilute solutions of boiled limesulfur and Bordeaux 
mixtures for spraying apple orchards. 

The advantages of the dilute lime-sulphur solutions over bordeaux 
mixture were found to be: 

(a) That the fruit was not russetted as badly. This was especially 
so with Wagener, R. I. Greening, Baldwin, Ben Davis and Hubbardston. 

(b) Ease with which the solution was prepared—where a commercial 
concentrated brand was used. 

(c) Very slight wear on the pump and packing and no trouble with 
nozzle clogging, since the solution did not contain any grit, as Bordeaux 
mixture does. 

(d) Appeared to lessen the number of San Jose scales. 


Encouraging as the results have been from the use of the diluted iime- 
sulphur solution, it must be remembered that it has not been compared 
with Bordeaux mixture in Michigan in a season when the apple scab fun- 
gus has been serious, and until this has been done, its use must be consid- 
ered in the experimental stage and Bordeaux not entirely abandoned. 

The diluted lime-sulphur solution can be prepared for use in several 
ways. 

1st. Commercial concentrated lime-sulphur solution can be diluted 


*From Bul. 149, Maine Exp. Sta. 
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and used. Test with a Baumé hydrometer (see later page) and dilute as 


follows :* 
33° 
32° + Baumé dilute 14 gallons to 50 of water. 
31° 


29° Baumé dilute 1} gallons to 50 of water. 
9 

If test is 570 

26° Baumé dilute 2 gallons to 50 of water. 


24° 
23° $ Baumé dilute 2} gallons to 50 of water. 
22° | 
2nd. Use home-made concentrated lime-sulphur solution (See later 
page). Test each lot with the Baumé hydrometer and for use, dilute as 
directed for the commercial concentrated solution. 
3rd. To make the dilute solution at any time and in any quantity; Boil 
in a few gallons of water for one hour, twice as many pounds of sulphur 
as of lime, strain and dilute with water so there will be 8 pounds of 
sulphur to every 100 gallons. 
Example: To make 100 gallons of spray solution. boil 8 pounds 
of sulphur and 4 pounds of lime as directed. 


Poison to Use in Lime-Sulphur Sprays. 


The only poison that should be used in the lime-sulnhur sprays is 
arsenate of lead. Work this into a thin paste and do not add to the 
lime-sulphur solution until just before ready to begin spraying. 


SELF-BOILED LIME-SULPHUR MIXTURE. 


This mixture has come into prominence in the past few years and 
its chief value is that it does not {when properly made) injure peach 
or plum foliage. 


The formula is: 


PUMA SENS 5 2c Si0isa,2 ds Srnige bo ote ht meee oy ig op Suse oke ln eto 8 pounds 
SUED TATE fos fe elensac) cs atop ws eee ces eh na hay see cee ae eee 8 pounds. 
VR ie od na an Sila oe ce ns.o- 2 te ae Velie othe ae dened ene Geen 50 gallons. 


The mixture can be prepared better by using thirty-two pounds of 
lime, thirty-two pounds of sulphur, and eight or ten gallons of water, and 
then diluting to 200 gallons. 

Place the lime in a barrel and add enough water to almost cover it. 
as soon as the slaking begins, add the sulphur, which should be run 
through a sieve to break up the lumps. 

Stir constantly and add enough water to make a thick paste and 
then, gradually, a thin paste. As soon as the lime is well slaked, cold 
water should be added to cool the mixture and prevent further cooking. 
It is then ready to be strained into the spray tank, diluted up to the 
full formula, and used. 

Care must be taken not to allow the boiling to proceed too far, if the 


Wircular 10 Mich. Agr. Exp. Station. 
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mixture remains hot for fifteen or twenty minutes after the slaking is 
completed, some sulphur will go into solution and injury to the foliage 
may result. 

The time of adding the cold water to stop the boiling depends upon 
the lime. With a sluggish lime all the heat in it may be needed, while 
with limes that become intensely hot, care must be taken not to allow 
the boiling to proceed too far. 


BORDEAUX MIXTURE. 


Bordeaux mixture is the standard spraying mixture used to protect 
plants from such fungous diseases as apple and pear scab, grape-rot, leaf 
spots, mildews, potato blight, etc. There are but three things used 
in its preparation,—water, lime and copper sulphate. The water acts 
as a carrier, the lime neutralizes the caustic action of the copper sulphate 
and also makes the mixture stick to whatever it is sprayed upon, and 
the copper sulphate is the chemical that prevents the growth of the spore 
of the disease. ; 

These three substances are combined in various proportions, depend- 
ing upon the kind of plant to be treated. For apples, pears, cherries and 
plums (except the Japanese varieties) the preparation is usually four 
pounds of copper sulphate, with about the same amount of lime, to fifty 
gallons of water. Poison is added as needed. The copper sulphate will 
readily dissolve in two gallons of hot water, to which should be added 
enough water to make twenty-five gallons or one-half barrel. Do not use 
an iron or tin vessel to dissolve this in, as the copper sulphate will de- 
stroy it, and besides the iron will spoil the Bordeaux. A wooden pail 
is good.- Slake the lime into a thin paste and add water to make twenty- 
five gallons. Pour, or let these run together into a third barrel, and the 
Bordeaux is made. When it is emptied into the spray barrel or tank, it 
should be strained through a brass wire strainer to catch any of the 
coarse particles. 

Whenever it is necessary to use a quantity of the mixture, it is de- 
sirable to have the lime and the copper sulphate in “stock solutions.” 
A quantity of lime is slaked to a paste and held so by being covered with 
water. The copper sulphate, say fifty pounds, is placed in a clean gunny 
sack and suspended in a barrel (one with wood hoops is much to be pre- 
ferred) containing twenty-five gallons of water. This will dissolve in 
about a day. One gallon of this “stock solution’’* is equal to two pounds 
of copper sulphate. 

A good quick way to combine these three substances is as follows: 
Put the amount of the “stock solution” of copper sulphate required in 
a barrel, and add enough water to make 25 gallons, or one-half barrel. 
Put about 7 pounds of the lime paste in a barrel and add 25 gallons of 
water, making a thin whitewash. Pour, or let these two run together 
into a third barrel, or directly into the spray barrel or tank, being sure 
to strain. When partly run in, test with ferro-cyanide of potash; to 

* Always stir this ‘stock solution” before dipping any out, in order that what is used 
may be full strength. 

} This chemical can be secured of any druggist. Ten cents worth dissolved in a pint of 
water willbe enough for a season. Drop a very little in the bordeaux, if a reddish brown 


color appears more lime must be added. If there is no discoloration, there is enough 
lime. 
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make sure enough lime has been used. If Paris green, arsenate of lead, 
or any other poison is to be used, make it into a thin paste with a little 
water and add it to the Bordeaux mixture, which is now ready to be 
used. 


INSECTICIDES. 
POISONS, FOR INSECTS THAT CHEW. 


PARIS GREEN AND LIME. 


Always use lime with Paris green, it makes the poison stick better, 
beside greatly reducing the danger of burning the foliage. 

For spraying from a barrel, the writer has found the following method 
very useful,—Place from one-quarter to one-half pound of good lump 
lime, or unslaked lime, in each of three or four tin pails which will 
hold about three quarts or less. Old cans or crocks will answer just 
as well. Add enough hot water to slake it into a thin cream or paste. 
Now add to each lot, one-quarter pound of Paris green, previously 
weighed out, and placed in paper bags, stir while the lime is hot and 
allow to stand for some time. Now measure out about forty-four gallons 
of water in your spraying barrel, and make a mark that will show 
how high it comes in the barrel, add the contents of one tin pail (viz., 
one-quarter of a pound of Paris green and one-half pound of quick-lime 
slaked) into the forty-four gallons of water in the barrel. Stir well and 
spray. The pails or crocks can be used one at a time and refilled occas- 
ionally so that the stock is always on hand ready for use. 


KEDZIE MIXTURE (ARSENICAL). 


This mixture, originated by the late Dr. R. C. Kedzie, of this station, 
is cheap, but it has the disadvantage of lacking a warning color. It 
is a good substitute for Paris green, but must be made with care, and 
stored in well labeled jugs. 

Dr. Kedzie in giving directions for its preparation says: ‘Dissolve 
the arsenic by boiling with carbonate of soda, and thus insure complete 
solution; which solution can be kept ready to make a spraying solution 
whenever needed. To make the material for eight hundred gallons (800) 
of spraying mixture, boil two pounds of white arsenic with eight (8) 
pounds of sal soda (crystals of carbonate of soda—‘washing soda’— 
found in every grocery and drug shop) in two gallons of water. Boil 
these materials in any iron pot not used for other purposes. Boil for 
fifteen minutes or until the arsenic dissolves, leaving only a small muddy 
sediment. Put this solution into a two-gallon jug, cork tightly, and 
label ‘Poison,’ stock material for spraying mixture.” 

“The spraying mixture can be prepared whenever required, and in 
the quantity needed at the time by slaking two pounds of lime, adding 
this to forty gallons of water; pour into this a pint of the stock arsenic 
solution. Mix by stiring thoroughly and the spraying mixture is ready 
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for use. The arsenic in this mixture is equivalent to four ounces of 
Paris green.” 

“The pot, jug, etc., must never be used for any other purpose after 
using it for making this mixture.” 

“Tf an additional pound or two of lime be added to the mixture, it 
will help to make the application permanent and conspicuous without 
in any way interfering with its effects. In using it the extra lime should 
be added.” 

ARSENATE OF LEAD. 


This poison is coming into general use throughout the country, and 
has several advantages; it shows where it has been applied; and it does 
not easily burn the foliage. 

Its action is slower than that of Paris green, but the fact that it 
does not readily burn the foliage is an advantage when spraying various 
kinds of delicate trees with one mixture. It is used at the rate of from 
one: to five pounds to fifty gallons of water or Bordeaux—or the lime 
sulphur sprays. 


CONTACT INSECTICIDES, FOR INSECTS THAT SUCK. 


KEROSENE EMULSION. 


Place two gallons of ordinary kerosene in a warm place, either in 
a warm room or in the sun, and allow to become as warm as possible 
without danger from fire. Boil one pound of laundry soap or whale-oil 
soap in a gallon of soft water until completely dissolved. Remove the 
soap solution from the fire, and while still boiling hot, add the kerosene 
and agitate vigorously for ten minutes, or until the oil is emulsified, with 
a spraying pump by forcing the liquid back into the vessel from which 
it was pumped. When the liquid is perfectly emulsified it will appear 
creamy in color and will flow evenly down the side of the vessel when 
allowed to do so. Care should be taken to completely emulsify the oil 
and this is accomplished much more easily when the mixture is hot. This 
strong emulsion may now be readily diluted with water and used, or 
it may be stored away for future use. When cold it becomes like sour 
milk in appearance and should be dissolved in three or four times its 
bulk of hot water before diluting with cold water. If the water is at 
all hard, “break” it by adding a little sal-soda before putting in the 
soap. 

Small amounts of this emulsion may be made by using the ingredients 
in small quantities but in the same relative proportion. It is used at 
the rate of eight or ten parts of water to one part of emulsion. 


STRONG LIME-SULPHUR FOR DORMANT TREES AND SHRUBS. 


This is a contact insecticide which should be used preferably just be- 
fore growth starts, in any case, before the buds swell in the spring. If 
used when foliage is on the trees, the foliage will be killed. It is made 
in several ways, one of which is as follows: 
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ump lime 42. ee tg sk waar Bete oe eons 20 pounds. 
Sul pha: MOM) peace raat creel ois a fea ereiene et etore 15 pounds. 
Water <jhot) ato maker 265 scsaels defense sin ate Steves mee 50 gallons. 


The lime is slaked with a small amount of hot water and the sulphur 
is sifted in, fifteen or twenty gallons of hot water is then added, and 
the mixture boiled. (It should take three-quarters of an hour or an hour 
of good boiling with frequent stirring.) When done the liquid should 
be amber colored and fairly clear. Strain, dilute with hot water to 
make (up to) 50 gallons, and apply warm, through a coarse nozzle. 

If small quantities are required, use an iron kettle to boil it in. If 
larger quantities are to be used, live steam is preferable for boiling pur- 
poses, either in a tank or in barrels. 

Applied just before the buds swell, it coats the branches in such a 
way as partially to hinder from settling down, such pests as the oyster- 
shell, scurfy scale, some aphids, and others. 


HOME-MADE CONCENTRATED LIME-SULPHUR WASH. 


The advantages in using the home-made concentrated lime-sulphur 
wash, are that a quantity of it can be cooked in advance and often at 
times when the actual work of spraying is not pressing. The great dis- 
advantage about it is that every lot cooked has to be tested with a hy- 
drometer, to determine its strength, and then diluted accordingly. Sev- 
eral Experiment Stations, especially Pennsylvania? and New York,” have 
made experiments with various ways of preparing this concentrated wash 
but as yet no definite way has been found to make it of uniform strength, 
or composition. Investigations have been made by the Chemical Divis- 
ion of the Michigan Experiment Station in regard to the manufacture 
and storage of the lime-sulphur wash and will be published, in circular 
No. 10. The difficulty of getting a wash of uniform strength, apparently 
lies with the lime, which varies in composition and strength. Lime that 
contains more than five per cent of magnesium oxide and less than 90 
per cent of calcium oxide does not combine in the cooking with the 
sulphur in a way to make a good mixture. 


TcanTiTg) SERIE oe aye hese = fee tere tata fel ators aleee tere taiatareree ate 60 pounds. 
RS nr ie esrshsisc oie ati cniaverseiavelene Son, or oe ial a eiglee meme 125 pounds. 
WALGER ste o ater oteiate pieces Meriehcine ee atten crete oh can meee 50 gallons. 


The lime is slaked to a thin paste and the sulphur is sifted in. Boil 
for one hour and stir frequently. Water enough should be added so 
that there will be fifty gallons at the end of the boiling. 

After it is cooked, if not to be used at once, it should be strained into 
a barrel which should be air tight, as exposure to the air causes the sul- 
hur compounds to lose their value for spraying purposes. Each lot that 
is cooked should be tested with a hydrometer when cooled and diluted 
according to the following table when applied: 


Stewart, J. P., Penn. Station, Bulletin 92. 
"Parrott, P. J., New York Station, Bulietin 320. 
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Concentrated Lime Sulphur Solution Diluted to Spray for San 
Jose Scale. 


If Baumé test is 33° dilute 6-14 gallons to 50 gallons. 
If Baumé test is 32° dilute 6-14 gallons to 50 gallons. 
If Baumé test is 31° dilute 6-34 gallons to 50 gallons. 
If Baumé test is 30° dilute 7 — gallons to 50 gallons. 
If Baumé test is 29° dilute 7-14 gallons to 50 gallons. 
If Baumé test is 28° dilute 7-34 gallons to 50 gallons. 
If Baumé test is 27° dilute 8-14 gallons to 50 gallons. 
If Baumé test is 26° dilute 8-34 gallons to 50 gallons. 
If Baumé test is 25° dilute 9 gallons to 50 gallons. 
If Baumé test is 24° dilute 9-14 gallons to 50 gallons. 
If Baumé test is 23° dilute 9-34 gallons to 50 gallons. 
If Baumé test is 22° dilute 10 — gallons to 50 gallons. 
If Baumé test is 21° dilute 10-% gallons to 50 gallons. 
If Baumé test is 20° dilute 10-34 gallons to 50 gallons. 
If Baumé test is 19° dilute 11-14 gallons to 50 gallons. 
If Baumé test is 18° dilute 11-14 gallons to 50 gallons. 
If Baumé test is 17° dilute 12 gallons to 50 gallons. 


THE BAUME HYDROMETER. 


The hydrometer is an instrument used to determine the weight and 
density of liquids. It is made of glass, is about one foot long, with a 
graduated scale on the side. It can be purchased from wholesale dealers 
in druggists’ supplies, from Bausch & Lomb Optical Co., of Rochester, N. 
Y., or Whitall Tatum Co., Philadelphia, Pa. Directions for use should 
come with the instrument. 


COMMERCIAL CONCENTRATED LIME-SULPHUR WASH. 


There are several brands of commercial, concentrated preparations of 
lime-sulphur wash on the market. They are now reasonable in price and 
when a limited amount of spraying is to be done it may be desirable to 
purchase one rather than to go to the trouble of preparing a small quan- 
ty at home. 

HELLEBORE. 


White hellebore is the powdered root of a plant. It kills both by 
contact and as an internal poison. It may be applied either dry or in 
the form of a liquid. When used dry it should be mixed with three or 
four times its weight of flour or of plaster and then dusted on the in- 
sects. Applied wet, one pound should be mixed with twenty-five gallons 
of water and this liquid applied as a spray. 


INSECT POWDER, BUHACH, PYRETHRUM. 


This valuable remedy has one drawback, its cost. It is too expensive 
for use on a large scale. It kills insects through their breathing pores, 
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but is harmless to man and beast. It will kill many of the insects of 
the garden if dusted on or applied as a spray at the rate of one ounce 
to two gallons of water. 

Use the powder when it is undesirable to use poison, but never buy 
any unless it comes in tightly sealed packages. It loses its strength on 
short exposure to the air. An hour will suffice to weaken it. It must 
be applied from time to time, as it quickly loses its strength. 


TOBACCO. 


Tobacco in the form of dust may be obtained of the large manufactur- 
ers at a few cents a pound. 

It is useful in destroying root-lice, especially woolly-aphis, in young 
trees, and in keeping insects from garden truck. For root-aphis, in- 
corporate four to six handfulls of tobacco dust into the soil about the 
roots and induce a thrifty, healthy growth by using liberal quantities 
of nitrate of soda or barnyard manure early in the spring. 

A strong infusion or tea made of waste will kill plant lice if sprayed 
when they first appear. 


HYDRATED LIME. 


Finely slaked lime is often useful because of its slight caustic proper- 
ties. Against such larvae of saw-flies and beetles as are sticky, for in- 
stance those of the cherry-slug and asparagus-beetle, it may be used as 
a substitute for poison, if the latter, for some reason is undesirable. 

Stone lime may be slaked with a small amount of hot water, using just 
enough to turn it to a dry powder. Such slaked lime is as fine as flour 
and very soft to the touch, having very little grit. Use a metal pail or 
kettle to slake in, as the heat may set fire to wood. Do not use too much 
water, and where possible, use freshly burned lime. 

Hydrated lime may be used in making Bordeaux mixture, but it is not 
as reliable as good, fresh, lump lime. It is less adhesive, not as strong 
(so more should be used) and more expensive. The one advantage is that 
it is a little easier to use. 

Ground lime for making Bordeaux mixture acts exactly like lump lime, 
if fresh, but this is difficult to determine as it is already in a powder. 


CAUTIONS. 


Do not spray while plants are in bloom. It is prohibited by law, ex- 
cept when canker-worm is present, and may destroy bees and other bene- 
ficial insects. 

Do not dissolve copper sulphate in an iron or tin vessel. It will ruin 
the vessel and spoil the spraying solution. 

For all spraying solutions containing copper sulphate, the pump must 
be brass or porcelain lined. 

Wash out pump and entire outfit each time after using. 

Use arsenate of lead on stone fruits in preference to other forms of 
arsenical poisons. It is less liable to burn the foliage. 

Do not spray fruits or plants with poison within a month or more 
of the time when they are to be picked. 

Keep all “stock solutions” covered to prevent evaporation, 
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WHEN THE CODLING-MOTH FLIES. 


While the first week in August is a good average time for applying an 
arsenical spray for the second generation of the Codling-moth in Michi- 
gan, it is well to remember that seasons vary, and that the time set aims 
merely at an average. To determine exactly each year just when to get 
the highest efficiency out of a spray, for a particular locality, requires 
only a few hours of work, providing one can find some neglected apple 
trees near at hand. 

First of all scrape off all loose bark-flakes from the trunk and limbs 
of several trees, thus destroying all the natural places for the hiding 
away of the cocoons. The scraping is most easily done while the bark 
is soft after a prolonged rain. 

Next, make some bands of burlaps six or eight inches broad and three 
or four layers thick; place one around the trunk of each prepared tree 
and fasten with a headless wire nail driven into the tree so that the 
band can easily be removed. Do this in June so that the cloth may be- 
come weathered before the time for spinning up. The larvae in searching 
for a good place to spin cocoons will find the bands, in the absence of 
other protection, and spin cocoons there. 

Occasionally examinations during July will reveal these cocoons 
which should be carefully removed by cutting out a small bit of the cloth 
to which each is fastened. 

Place all these bits of cloth with the cocoons attached in a cage made 
of a lantern globe or some other glass cylinder open at top and bottom, 
and then tie a bit of mosquito netting over the top to confine the insects 
when they come out of the cocoons. If the lantern globe is set on a 
little soil in a flower pot and the soil is kept just slightly moist, the 
chances of getting the moths out are increased. 

Now put the cage thus prepared in a shady place where the sun can- 
not strike it to sweat it, and where the rain cannot penetrate. Outside 
of protection from rain and sun the conditions should be as near those of 
the outside as possible. Keep the soil in the pot just moist and look 
for the moths often during late July for they will hide down under the 
layers of burlaps and may be overlooked. When you see them in the 
cage, then you know that they are laying eggs in the orchard and the 
time to spray is just before the young hatch and go into the fruit, not 
afterward. Of course they do not come out all together but string along 
over quite a period. 
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VARIETY WAGENER. 


Sprayed with Lime-Sulphur. Sprayed with Bordeaux Mixture. 


VARIETY R. I. GREENING. 
Sprayed with Lime-Sulphur. Sprayed with Bordeaux Mixture. 
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MISCELLANEOUS ANALYSES. 


Special Bulletin No. 55. 


ANDREW J. PATTEN. 


During the past six years a large number of analyses of materials. 
have been made for individual farmers throughout the state. Many of 
these results are of considerable interest and it is believed that the 
analyses of some of the samples have never before been reported. It has, 
therefore, seemed advisable, at this time, to bring these results together 
and publish them for reference. 


I. FEEDING STUFES. 


A great variety of feeding-stuff materials have been sent to the labora- 
tory. Many of them are well known mill-feeds or commercial mixtures, 
others are not commonly known. The wide variation in the protein 
content of cottonseed meal indicates that many different grades of this 
material are being shipped into the state and buyers should be very 
careful in purchasing this feed-stuff. 


Analyses of Feeding Stuff Materials. 


Lah = eee Moisture, | Protein, | Fat, | [rude oe Ash, 
No. percent. percent. percent. per emth et percent. 
CoD Ii Altaltanmieal sap pcre nites eitate ce ate sc aiesinis sec 15.05 15.25 2.08 25 .03 34.13 8.46 
MPRA AIANAMAKOR see cota ngs nc phar = sence 3 6.21 31.67 12.67 I il Meee ese Bre cna 
LOS Za hear leyabrart ty shcsstrsivten a creieerctoeite access os 5.91 6.37 3.50 21.65 56.77 5.80 
SOOM baArley Dranoemronsse: cote tins face nets ye eee 7.88 12.22 3.48 14.75 56 .03 5.64 
ApotAPADDIEMONIACE RA cee cists chine cctles ee ce 78 .40 E21 1.96 4.60 12.32 1.51 
1939 | Beans (red kidney, refuse).............-.-.- 8.37 25.83 1 GY al Pe eae Pena ern Se 3.85 
LOGEa ie beetseed nen ix ny cocwercyireyseoetciee via jee 7.95 11.34 6.22 39 .92 28 .85 5.72 
PPL Sa fie ae sites SnGhor One DP ap eT CRT aa Ceeeen ne ae 29 .06 12.62 iO rl eee ficial tasee Mette ae 
2OD8. Brewery jMashine ois saee tei Acisloe slaielg sitio eelois 3.30 20.34 3.11 17.17 52.42 3.66 
1589" Buckwheat bran 27. i0e<- octeeeiee- sana te 6.50 10.75 2.88 29.50 47 35 3.02 
Zod SME ickwiten tiDEAll: at eer st: kn a sae eee eae ewes 25 .50 3.20 EY TIO) lal estes foe al | eee cen 
“ZeoL,,| Buckwheat flours. «2. -.-\- coe v1- 0's ooiie-ercyeniase 17.37 5.94 1.39 0.37 74.25 0.68 
159L Buckwheat flour: vi. [- scibistes > sete santaeele ae 12.70 8 75 2.45 0.50 74.50 1.10 
253031 BUCK WHEEL NOU, «a1. senitacele totic se ae 8.95 9.79 2.25 0.04 77 58 1.39 
2580 | Cereal feeding stuff....................26-5 6.88 11.12 2.76 13.75 59.86 5.63 
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Analyses of Feeding Stuff Materials.—Continued. 


Lab. Name Moisture, | Protein, Fat, Grade hie Ash, 
No. percent. | percent. | percent. perc ea extract, | percent. 
percent. 
1956 | Cottonseed meal (cuddo)............-..--.- 4.10 13.30 3.67 32.15 43.18 6.70 
1966) || Cottonseed seal’: (5. c\.-- cine ee aire see ete - 10.52 22 .62 5.07 20.60 36 .67 4.52 
2246 Cottonseed mes] ty tae-)/-1-1-t-1otaeil> vie lerdal 8.30 21.00 5.07 22.59 38 .69 4.35 
277 0u\uCottonseed | mealleye ci syele sereictel« -icvereisiele etel= srer-i=i| frieleve ottetepars 38 .44 9.14 12 348 eee eel pieceeee 
2269 Cottonseed meal tee isp ree ia sleret tele retolal reall alert alee 38 .58 7.69 ake Jey 45 fal eermteeleec| leiee crag a 
67a Cottonsecdymea lear yer tae tert ierncaite siete | Commer rete 38.75 9.03 Te QBr lhe saveiwraatorsjel| rare oreysioeeete 
Pay || (Chinancess iene Soa gacpanmoononco ue ducse|lsoounacods 39 .80 Bead dl iisaicoss woiell theater | Geer eee 
22798 aCottonseedsmealers ai) yaie/-ciiete ete ees aiseiteieyeie 40.35 7.79 1 (UE) el eemeeoperio cers ace 
Psy |Ohttacowalnnells bso ceaoasponactdcopausellppacscdac AO 99) [ios soe ostaeedll's Be die stole nall ereten eee een | al eee 
DOSING Cottonseed mealercryeteleiy-teie/alc slaereteielersian= fora eleleleerete ot 43.31 BAT ies es Se ccke orsieist os seer ae 
2278 | Cottonseed meal (Owl brand)............---|----.++05- 44.52 9.50 eee arson rn De coe cation 
26474\ Cottonseed smeall erayetsjeloja is sieieiateie-stelereie)sserelelo'= | (efereisiniererss-s- 38 .99 8.14 1b Bs) We eee Bone acoaciccoe 
28570 | Cottonseed meal a\-)aysie/a lore oleseicie aleferelasfetaiate) fell lotrel tele]=-1-s= 42.75 7.83 DT IOS | evecare tae lereec iste 
2626 | Cottonseed meal (dark)............+-+++-5- 6.23 18.75 13.73 22.12 35.05 4.12 
2627 | Cottonseed meal (light) .................0+- 6.17 24.33 12.13 17.38 35.42 4.57 
1967 | Continental gluten feed................--.- 10.32 29.69 8.42 5.90 41.08 4.59 
1060 | Crystal malt flakes... ...........+eeeceeees 11.30 9.25 5.77 2.76 68 .92 2.00 
10345) sainseed meal ee tepere crsieyaieioclorsle'<(-leroieietsletasntatere 8.13 30.72 1.45 14.82 38 .18 6.70 
OP) || Vinee Ee Soa opnoqeennocouncouoGbEonco|loonpuRdous 43 .44 2.71 (70 cepa ceoilacabdo0 coc 
15885] Maple flake feed ei triisieeistecieieicistsieie sieieietes-lre 4.64 13.75 Be Oi alisncnumerweeaeee 3.75 
oo TaleMiddlingseeeyliesecsemerinccectelselsciierri 11.35 16.62 4.29 4.93 48.57 4.26 
1643 | Molasses grains (Muellers).................. 10.19 17.53 3.72 9.47 50.05 9.04 
Death TREN ite ls oaaebcudebeooddoss poGabonD Sta t\lopopossdor 19.50 2.43 BL Q2 2 oc «ia ete heer 
WP.4) | Weer SA@IIEN (os o ase oounpederopDoddedocosde 14.87 15 .56 2.09 25.91 34.79 6.78 
1987 | Refuse breakfast food............-+..-..+++ 4.78 8.08 0.78 0.35 83.31 2.70 
1936 | Refuse breakfast food...........0.+-..see0e 11.30 6.60 0.28 0.40 78 .85 2.57 
1644 | Sucrene dairy feed.........--..--++-eeeeeee 17.71 18 .23 5.63 11.15 48 .88 8.40 
1968 | Sucrene dairy feed.........-yeceeceeceeee 11.30 19.00 4.70 11.05 46 .33 7.62 
1975 | Unicorn dairy ration............0.++eseee0 7.47 29.97 4.80} 8.50 47 .56 3.70 


The sample of Sucrene Dairy Feed No. 1968 was found to contain the 
following weed seeds: Lamb’s quarter, Common Pigweed, Cow Cress, 
Lady’s Thumb, Common Mustard, Black Bindweed, Green Foxtail. 


II. SALVAGED WHEAT AND CORN. 


Large quantities of salvage wheat and corn are offered for sale for 
feeding purposes and several samples have been forwarded to the labora- 
tory for analysis. The results of our analyses indicate that, with wheat 
at least, the feeding value is not perceptibly diminished. In many cases 
the salvage grains contain considerable quantities of charcoal and wood- 
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ashes which should be taken into account when purchasing these dam- 
aged grains. 


Analyses of Salvage Wheat. 


Moisture, | Protein, Fat, 


a : Name percent. percent. percent. 

OR DME SALT EO GNVRN aa G Asp ersten oF Fees eral (oie ete aera fay Reon eee cronaeete haa diate tatecte hae edie a [lbs Sa 11.00 ea) 
RU Te SALVO RW OA DEI ey. tter ts ctoe rhe porscate SIRS Tota a rajers Se eres eras vel ntabe, tate atat Ove cis rated tc BDA os opteras 
A OGAm eSalvame When tr, sjoyrectrecte rice terreil aoe are Slee sot uee eke trek pc re eke ate esis Da eR 132565) eae settee 
A SBOB PSalwares wi ee tes cect oe oe cleans Sots tess oS Oe eis eran oars roca te Ns |S vot cee T4490) ee cere 
NGS OME Salvage wh eat eps crete pacxe 3) eee tas Hos EAE eras ra ohne Popeacioee Eonar rand caer, svotorevo cislevall ne eae NDS i ees 
LOGS EIR Oalyawre Water bras ter ocoeei cys crate erie eneren laces oiace ele aa eha ernie te Polonaise oa maordll tee A Ree 13/818 ee oe ent 
ES GEV e Concer as Salas Oeces GCE Ao Caan aaa Ran eT arc inee Hea e aoance cae 8.05 14.22 1.14 
ROLGuIPSalvameswD este sce ey- aie -cintsteisre sors tere alas oy sveio Sve eT Rac sien mereaeraeres [ee cen eee 11.88 1.98 
EG 2G OBAVARC AWC LS Petet eit da cr steps i cecke syctovs, seo mestaie cise Sate ated Sitsble steht aoc faigws ia aes C21 LOLOO) Gomer 
TRG || CEA EET Ven toe OUR Bad ne SAO REreTs OSES DEE OE CAREER OaE rece ROnmos He ne bs 8.55 BU90F ee een 


IAN OTAGO Ss. apart accrese wvareler ie ale Ride =feleiatar ns euemiot eso trere abe ake oon eter bei ee aiele seis 7.94 12.83 1.96 
Average analysis of 310 samples of undamaged wheat...................... | 10.50 | 11.90 | 2.10 


Analysis of Salvage Corn. 


Lab. Name. Moisture, | Protein, Fat, Ash, 
No. percent. percent. percent. percent. 
EO S5 aI NOALV ARE ICOM yt Meer ee ee ree BiG wie ole Se eretoe ere ate RE ata | 10.01 8.63 1.88 | 1.55 


Corn is evidently damaged more by fire than wheat, as the average 
analysis of 208 samples of corn gives 10.5% protein and 5.4% fat. 


III. PROTEIN IN ALFALFA STEMS AND LEAVES. 


The samples were submitted by the division of Farm Crops. 


Analyses of Alfalfa stems and leaves. 


Lab. Name. Protein, Ash. 
No. percent. | percent. 
TGp EA Nalteatm tern Mcrae See een data PAE Bosc ad c's con Anak oe One ate e ee ade ‘11.72 6.80 
1O7On | PAlfalfastems:AOOY cotta adeer aes oe ee yee aso oe cote ine heise tins & eaves 157860 seem siniete 
RGD MIWA lea lfpilea veael GUS are Giyns Norelco ee eter rtab vaste phomiarelte ele ce is oieech ainis eld oinecier sic @ 20.31 9.10 
RO CE eAltaltss hee VES, sf OOO a= cier-tcne slaicis aocter tee narrate era eich eter eva clet stares he vio ele eels oe bre PW) lal ee acto’ 
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IV. NICOTINE IN TOBACCO COMPOUNDS. 


The insecticidal value of a tobacco compound depends upon the amount 
of nicotine it contains. The following determinations were made for the 
Entomological Division. Numbers 1315, 1812, 1811 are commercial pre- 
parations. Numbers 1313 and 1314 are the natural product. 


Analyses of tobacco compounds for nicotine. 


Nicotine | Nicotine 


Lab. direct ether 

No. Name. distillation,| extraction, 

percent. percent. 
FUGA Usp) elo SCS 6 eee Sa IIe SN oe aN Seen Ge oem Ane Sh inlinn Semmens Moe, tetncanceas 38 .80 39 .06 
STOW oe BAK eI ee cceecreiecicyrtcc Ac tee, SATE Oooo tae toc Preys tetas) SPREE tows taal Eo too OR Te an 40.94 43.37 
ASTID ohaccorextract < FGse) Westy reas a)ctatens cere core eee is SERIO ST eS I eRe El ae See 1-73 
THEY Belle Ral ba vera) kes RAO ORES eae eee ceo ttnc cae oa a ean ae nero been masaon EdtocnOAbeoonnc Pat ie era 
PST Aa le ola COOVREGINS Re ercccrsrnc ois chore arora cele Oe eerie ernest oes SN iT ae eee OOH cates ce 

Vv. LIME, LIMESTONE AND MARL. 
Analyses of Burned Lime. 

Lab. Calcium Magne- 
No. Manufacturer. oxide, |sium oxide, 

percent. percent. 
DOB THN OLEherm VAMeLCO. UN Os crs cteeece cere cee oe nee ce tiere eet eTe Te ee eee eiaeieraicen een eee 83.00 15.14 
ZION SNorthernilame! Corsi Noceo ct, -aararersioe tavsnare suas ala ovorerslovetsratavel aevevort lela reraretstareteterscsteyeloeisceretsienstar 79.64 19.02 
22M aN ortherny lame: Co.ce NOW Bie srsciers aeesiciorciere) oes reret tee everere le este cei ote ere Aor Comore ame Sie rercetcTetarere 83 .40 13.00 
2303i]|' Alpena lame! Works/& Stone Quarry... so ce 2 oes ocie n-/am pone nees cteninee Sees jer aloe eine 81.90 1.08 
23044 \(Ohlemacher ime Co.,\SanduakyOhio:.<.orctce seo soles sa a cies elaine titles sacketsioencieeeae ier 68.37 19.40 
QHpaul PN OFb bernie are! CO scopic ciarslaccarorerefose oats a suave, Ae lelale arurere syscesah wh acsestay die le atecers dleiapera ‘aes etenevateberentaittete 86.95 5.78 
2643) || AshiGrove Lime'& Portland)CemoentiCor.c cee: aa-m > aerate ele aie ota cleione sje wi ee aeteeeas reeds 92.71 1.34 

Analyses of Limestone. 
| 
. Magne- | Iron and . 
Calcium Fi : ay Organic . 

Lab. sium aluminum | Silica Moisture 
Manufacturer. carbonate . , matter. , 

No. | carbonate,| oxides, percent. percent, 

percent. percent. percent. percent. 

2309 | Bellevue Limestone, No. 1...............-.- 97.41 0.71 0.62 0.96 0.15 0.13 
2308 | Bellevue Limestone, No. 2................+- 83.19 0.64 0.76 14.96 0.22 6.10 
2307 | Bellevue Limestone, No. 3.............2.00+ 85 .98 0.61 0.45 12.65 O:2ON hanaeeanee 
220 oa OMUTCHIO lattvaCO ssceytersisic sei cesiere eileipleicic 80.41 Je) Ip RRB RACs ad emontatod |\Goncdecoc toubecascs 
2bi en RC burch) @ natrvaGo weitere co oiciea sieivenestae 89.88 BAO sliectewitanerers BGO eexelse coc cena ees 
2645) |\\Chiurch’ Quarry, Coss csc sciciesise.e ov eiiee sic seis 87.80 UES itl BCAA coerce] Mea anm ahaa jpeessen: ye 
2305 | U.S. Crushed Stone Co.............--0+-0- 53.52 AB 108 lis ecierecin vatell ctoreco rere west] heaictas See SI Berne eteeetere 


2646 | Buffalo Fertilizer Co.........-....2-:02000. 87.21 8) Wil BSaaneetays| Snccceecda scmecadcad ISeotiacas 


2298 
2298 
2306 
1931 
1652 
1924 
2247 
2245 
2272 
2821 
2674 
2672 
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Analyses of Marl. 


Location. poset 

| Gagetown; Mich.; Now B23 acces dscten otc e ce sce bss sth tee dismiele 16.26 
Garetows Wich: NOsto ss cet teeioer a eerie eee Ae a ene etione3 45.72 
Kalamnsoo Mich s., ocsacctac dee sn steura see Roa ee Sone Se ee 0.60 
Kalamiazion MIC Doe sctsedsssjse couse cise eran fare re tole ota ores oe even ee level rawsea Seal De 
llenaNiteh cers semesters, tome ee aspera sity isan La esac Se 0.52 
Grandville Mich tes secrecy ee ee ee cee es ate te ee 35.16 
Garon Miche nee meee erie ra ct tess none eer oe ee ae He eer 
Man inter MI Chie ere crea neret sate ie sees te nici eens a ae a ee oes ela merme see 
Greenvalles Michre tc a aracct ie tetera ste eeiee a cvs, Aen eats emese ope Pees cosine rae 
IGE VEG Nine acoSo Sete cata coo eats Sa aaeamaeMas Oran a oRe ee [SecA SAA 
Crane walle Miele cern tere rete eee cre ee oie rhe Was ee aerate ce 
Hartlords Miche erect ace etehinccae etna cccie ace cei eaeee 26 .25 
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Calcium | Insoluble | Organic 

carbonate,| material, | matter, 

percent. percent. percent. 
79.41 1.38 2.95 
51.83 1.85 0.60 
94.30 0.56 1.14 
92.50 1 ie 3a) crease ioe oc 
92.50 Ce leaaeedeaes 
62.35 1 Wa hal porcarsee 
90.71 pip Naaancaaone 
90:52) eaase. oe mmc ets 
BOO | seeteeeieis ial eas stele oxei= a 
ODA bd. accel seeeeecer 
QA DBO Ree carer soa ney the arate 
62.89 6) laannaacobe 


342 STATE BOARD OF AGRICULTURE. 


VI. ASHES. 


The results in the following table demonstrate that it is unsafe to buy 
wood ashes for fertilizing purposes except subject to chemical analysis. 
The samples here reported vary from 0.35% to 10.18% potash. Seventy- 
nine per cent of the samples are below 4% and only 21% are above 
5% potash. 

Analyses of Ashes. 


Ee Name. ora: | PO, tesa 
1636 lnWioodrashesshickoryAeian Gace erecta eiccrseraie eyecare MANS Totter 0.30 LORS ce eenee 
AE WG leciiGey In ta angenoko onousb Oaaboosaroumansueeapheooanucsonc sopdnnec bas |boboacooor Tey 72 Ns Baa obi 
GRE || AWawalaiog, Gutta Oa le an seeocasepsseauonlsucnudsescouneeducusocacopodeC 1.85 92 055|Sen seers 
Ee WiecslemGscoaodt aoeoscororeuecenrues Somoaersor aon onceroppearocassnoccans 0.15 OF63h/E.. -eoeere 
TSE F lh WeTeteCliC Io oa bopa bacon caro coat nor ep baoraaenas aouoMontocusucHoscandonr 1.07 0.35 | 5 See 
ABS45| Wood! ash eat. spas etctac cre oie asyassictsie sie sree arIeTs & evoransiel siete os Nohenctors raters eleanor acters 1.82 DAO reich eke 
Tikts: Aware OG tec aaaucododcure bo esp ane mon bedu davone paosuanvosorpeacadane aso 4.40 SiG5i|eresueeae 
TRA Won chisel ooo bo opebooupoomanooonacs Se oudee scseusa dee sntoonpouconedear 0.85 3.03 | Laustoe oer 
ES Wierlec hppa ap ddeceabosue entas dopccs. donoact otbadnedosancocococespEBr ac 1.50 2:68) | scacgeteee 
GRY Ores Lat Cs op coedeos de aadbacroamaononm oaemeaoooe anoadsAseancacaaposadae 0.22 Br 87 leasckeeeie 
IER) I Aeros lOCNC3H6 on oanoddoassonogdo as oonecosudaenpoongsHauncnoopoonddamacamac 0.32 1254 (Peep 
UP Ml MGs ECGs ao iabonte seb Oe AAC cou sere eons pdeseeboe canadian pmeSeors||aoib scans ¢ 0.50 1.40 
AO 2S5lNVOOd ash es arcerraeysaie ce ckorte se cialece niche re ore ero crate stove) areTiurass shed pe ayeiaes ts otavey-Pesslevepsreretegstete 16.17 D865) cet eegemt 
1850), |hveoodlashessy-mscriyese as: Ber hrie poser onde Gea AEE GaGa ee Ter Sone C Be ACIS ES ane 3.52 1.22 
SASSI TEA G@en LE Noe eRe aio cies area ec ae ete hee rio een ESO eth MAR PAA Sera ocnGO iN) 3a |e eae crass 
CERO | AWG UCL laser a nnta SBR GEER Ge ceRccenmeco rica iacreerncbocoanidocnatol bvoMroe Ac 116i: eee ree 
STR AUTEN W Gers UAT Sc yy ct Se SEO EEO O08 He Tome Cc oR eion noe Mende ore Dooumnna cae Uodoeo||Sadarsnode 1/39) |e ee see 
PANG | AW lech yey See a aeRe or ecanEeeESO cn ran ooo uarUnSnaartocy a> Amnon a dacual aaconhcoas (arallkanoecase: 
DASH IAW OSES on. ae Hepes EE coe cen ape c a gEcOanRebenonarss antedouancarss cow su\lonocdoaroc NIB og sorte oood 
DO NGia, | NVOOD ASN Bya caret ceeters tale ist oeteuase overs cisco elelets ova eyatatolacersbesopeas a ete uate soe ocsvoesy suet ey | ta tenatayetahel= 23) eiesiee anole 
STATE RIAN aR TTC 1 on alee a ee MRM Re ASE A eC) 5.18 | Coan 
QEG4aWWViood ashes, teyets ccs cet istscrchetaere tess oe cites overt Ses arekerelors ateiote sfayetriavenstav easter Aaa | sseteteielogeeetor 3.00 62 .82 
P| MIGAOIECIIL Ss os ren eancn og h Shoe nonO be sbnay CUDEO AC HEasobanonocuooses, Houaasollooseh ono 0.84 64.36 
28G3 Al ANWOOd ASES! =<) ,clorclercteteioie tein eens) fateceisieeteosese Be Stet) UE hte otf cteeah al attra 0.38 80.13 
1628 S| Cornicobrashess scissile caecrieicde i etaten eaten eae iste aioe ste mio eters Slecenelaterete aratereyall seereraks erate O2/.40 He aie eran 
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VII. MATERIALS USED FOR FERTILIZING PURPOSES. 
(1) Paunch Manure. 


Samples 2253, 2254 and 2255 were taken from a pile that had been 
exposed to the weather four or five years. Number 2253 was taken one 
foot from the surface, No. 2254 was taken two feet from the surface, 
and No. 2255 was taken three feet from the surface. Number 2256 was 
fresh paunch manure. For the sake of comparison the analysis of a 
sample of barnyard manure is also given. 


Analyses of Paunch Manure. 


lab. Name Maine | Nirome, mnoncaci| elath 
Ohta lpPamelnmeananre eNO 2s. =yeleccsteic< michore, <eus lara ore era eee are ees fed 76 .92 | 0.22 0.06 0.05 
aol ePaunchiqnannes NOI: s<!242 10.24 essence ONES eh ch ee 80.41; 0.24 0.12 0.01 
2 ZOE MEAN CDEMANUTESIN Os Oo ce ance ai-r-ts-0s) Measles aie ae Ee ee 80.00 0.28 | 0.20 0.07 
22 FOR EAU CHOTMANTITE NOS 4 sian esa lorde iets. 3 oe ee ae = eee ee | 69.69 0.24 0.21 0.02 
Barnyardsman ners aecistechrrrc cyvece cis eaetoe Cae ch eee Ue skis 68 .87 0.49 0.32 0.43 


(2) Fertilizer Constituents in Tobacco. 


The fertilizing constituents of tobacco, more especially potash, varies 
within wide limits and consequently it should always be purchased on 
a guaranteed basis or subject to chemical analysis. 


Analyses of Tobacco samples. 


— Name, Nieoger phareacia| Tales 

2487 | Tobacco refuse............. oa ATE os SO CT Nene vey els A ats, Sele 1:08? pene es 7.36 
GMa BC OATSe eOUNGCODACCOME =: se -cyasey ie ToA Lc otras ieee ele ce te ae aS ee 1.70 | 0.68 6.15 
SO LODACCOICUBENIN Omelet cr eet ior daca te Oe et We eae, Pha ao gh Sate, 1.73 0.94 | 9 .62 
Ma LODACCO CUBE SNONO spac aorta ae meal ela Goce AOR etd Ses EAA 0.96 0.64 | 0.84 
Se ee aceo aei Nod Ds ea os Oc CA ek SS BE ee > Sen ED te ee An Ae 1.81 | 0.62 | 6.04 
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(3) Peat Filler for Fertilizers. 


The three samples reported were sent to the laboratory by Dr. Chas. 
A. Davis and were prepared by the Crescent City Manufacturing Co., 
Crescent City, Fla. Several samples of Michigan peat have been analyzed 
in this laboratory in connection with other work and they agree very 
closely in nitrogen content with the sample of raw peat, No. 2131, given 
in the table. 


Analyses of Peat Filler. 


Lab. Moisture, | Nitrogen, 
No. Name. percent. | percent. 
OTST tana wapea tists ci cic cee < sesctessr crave eke cla ateltro are eheterarevsrecstocenre cresevetel eiehereslotenatsistele el eta eterelel tere 17.19 2.53 
PRI BY Ihe OTN Hea (5) dest eee Agee tes a ee a raed i ANCA ARE RRATIO rr MIC OID TODA Osi. SUC 6 10.04 212 
GE, || Nmintareyee neni ill Geagan pecogndbosgaaeeeausesebaneacaad aGonuanoddscoscppacacgooshoadlocscoonte 2.81 

(4) Miscellaneous Materials. 
of Phos- 
Lab. Nitrogen ee Potash 
Name. ' phorie acid, y 
No. percent. percent. percent. 
1849 Garbarentankarel.ismcaausrtaee se cot olsen Sener eer mises eraetole eaters afore 2.16 6.31 0.79 
DOAGY Ground theaDssscty sar tere osrctoncle ot ecstotonc: cactenerd sic sn ors porate ats ele cap TS ors 3.99 0.52 1.52 
24G6Gn| Guano Chihuahtays Mexico) sescmcciseticiicel- ii sesereciaas saci eerie 11.47 PAV oabecua5 6 
DEAS || Applespomace sievster cerrcia acs ora stale tierra secret ote icyaco-sisis cierstersinresetesateratsletersyaxe 0.20 0.15 0.21 
As As 
nitrate. | sulfate. 
25007 |mBonara(natuxe:siplant food) saneeen si eeteer cere ee sete cee teenies 4.10 | 10.96 4.12 5.18 
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VIII. LIME-SULFUR SOLUTIONS. 


The samples reported in the table given below were all received dur- 
ing 1910 and 1911. All but two of the samples are commercial prepara- 
tions. From the results given in the table it appears that there is quite 
a considerable variation in the amount of total sulfur in solution and 
that different samples from the same company may vary as much as 
7%. Number 2296, Horicum, is a thick paste and must be dissolved 
in water before using. 


Analyses of Lime-Sulfur Solutions. 


To io- 

lab. a peume, | caeam, | Zeel | Siiide | tte | Sula 

i percent. percent. | percent. perc ent, | Percent. 
23015 | Jas: AsBlanchard Coe 4-22 tec ca tee 30° .2 9.18 23 .27 20 .86 2.00 0.41 
298hs | as wAn Blanchard Cojsjscr.-1-.-\feeis series Se teilliscdoaelnrs 13.12 DEHGSE Pes scettotste oacel| alse esos |cias Ga ae 
OTA InswA WBlanchard Cols tifece cn cc2e- ca esaloweoevacd: 9.17 AQET TA once bareleeoeenrne esp aarec’: 
DOL dass As Blanchard Cokes. 2 -\rccil« <1 a1 =e 29° .4 9.13 21 .87 21.08 1.27 0.07 
AN) || GEGH IN, eum Ci, oc onnnscdeacccoEEa00 31°.4 9.77 23.89 23.05 1.03 0.12 
2299 | Grasselli Chemical Co.............-...+---- 33° .4 10.36 26 .66 24.76 TPO enon eaace 
Dotan Grasselli( Chemical Copy. eieertadesrr-i dei | piri era 9.34 i el Aareeenal mecaneee ca lamas soqnee 
2302 | Sherwin-Williams Co.................----+- 32° 9 .36 25 .43 22.56 1.85 1.02 
Pani Mpernre’ eal eeacongeenasceesscenacdecce 34° 10.95 26 .55 25 .27 E51 |hecs isttornetees 
2290n |e Oows Chemical Co teyacetae tel areieis ee oietn ean alifaiegs aerate 10.50 26:81) kee aaecellloasechrs lepers 
2020 eDows Chemical Cove ece ries eae eee 32° .2 9.63 24.69 24.49 0.91 0.08 
2649: || Dow Chemical\Coe... 3.10.0 --2+3-=--- >= Ya BaG@eesnesbe 24.97 24.00 O2845|\7. tree, ae 
AGE LoledoLRexs Sprays COs eitclrae citer lee | er teal 9.63 QO DBA | varstacietyae |e aioe lates eres 
22945 |e Moledontexs Sprays On ei-t cer-reracict tera erst San 10.21 DEH sé -eato trorsl ecto stereo | Seer ocen ers 
2490) | Toledo Rex Spray Coes.-.-6se2+ 5. -c02- 6 | 33° 10.38 IOs tal re Sheik aes (en St Jecereseee 
29187 |, LoledosRex: Spray. GOr 2 cree iene cs aiareias 27° .8 8.27 20.72 19.68 1.48 0.07 
2648h|LoledovRexSpray: CO ss sccie tates eon sw eins SOR ant teeters 23 .30 22.41 Ne Mets cacac 
ZOOLe LoOledo Pex: Spray) CO nee rrr ake «tee 1- sone 29° .5 9.46 23.40 22.17 1.30 0.14 

Sediment. 

ZA88a |Home Made NOs Lins andes te atinse nn scelss oc 34°.4 6.32 14.61 16:59)... jad; shear ew aeee 
2489) |Home) Made Nos 2aece.acms- ae iene - 34°.2 7.93 17.70 122905 cys ccyse Sorxeleseeeers 

Chlorine. 
2296 | Jew a so paespEnauneneoonecHoC ese auobn| lasopnmpar = 10.67 20.40 16:19) see sae 5.13 
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IX. INSECTICIDE MATERIALS. 


Analyses of Arsenate of Lead. 


Toledo Rex Spray Co. 


Vreeland Chemical Co 
Hemingway's London 
A. B. Ansbacher Co. . 
Jas. A. Blanchard Co. 


DeVoe & Raynolds. . 


Jas. A. Blanchard Co. 


Jas. A. Blanchard Co. 


Maitexttnce Moisture. pacer pear pee 
| Perens | percent, | Percent. | portent 
| 
Bia erate joe Saeco Mees ee eee Rare ee ete 54.27 15 Selle! iow See 
Pare toletehe Sion pci eie ciate ow © Sis, kalo ecw elie wie pere aera 36 .56 18.77 39569" [2 en ener 
Purple: Go: (Beds ya-y-isternet eet ies sactostioe cc 46.50 AV er) lee ucsocose 0.28 
ects 35 tots SS cigta ve Mets RI - Sere yams eae esl el) 26.00 | 19° 00\e 2 Son. see 0.56 
sire teh tel olen eae oc is NN acreieraier wes eas 23.93 Ie obdaesee 0.66 
Analyses of Paris Green. 

Total Total Soluble 

Manufacturer. haces rei ravi 

percent. percent. percent. 
Maipreta te Gee cgerelens Wt raeier settee Eietase ce ere Oe ae ater Soe GY eee ao arae 3.21 
Gleaner: Clesaring/House Associations... 22 4.2550 cere e scenes eee oe eee nro 57 .84 29.29 | 1.47 
RR ES TOR Soke SCR Sy SE rea oe [. ) SEO ules eae 6.88 
BAR Ae oak oie Rie ete ms MOSS Finn sracie ormetsremee Reem 54:50) |oonae corccl oape eee 
Be esis nooner bas AO sides eS eer iets Adee eae Seat 56 .20 30.36 1.90 


Jas. A. Blanchard Co. 
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THE USEFULNESS OF CURVES IN THE INTERPRETATION OF 
MICROBIAL AND BIOCHEMICAL PROCESSES 


BY OTTO RAHN 


Technical Bulletin No. 5. 


FOREWORD. 


The general discussion contained herein is so intimately pertinent to 
the many problems in the broad fields of dairy and soil microbiology 
that it seems wise to issue it in the form of a separate bulletin. To 
make it a part of any bulletin representing specific investigations would 
be abortive and much of its utility would be lost. 

Such general surveys of knowledge serve a function almost as great 
as delving into unknown recesses for new facts, because they not only 
have a tendency to formulate findings already available, but they effect- 
ively shape the course of investigations and institute systematic effort. 
Accordingly, the author has served a purpose which will be helpful in 
the investigations of this institution and other institutions as well. 

CHARLES IX. MARSHALL. 
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INTRODUCTION. 


There will probably be considerable doubt expressed as to the value 
or even the possibility of interpreting microbial or biological processes 
mathematically. 

As to the value, I desire to call attention to the wonderful evolution 
in the understanding of chemistry by the introduction of physical, or 
mathematical chemistry. The exact determination of all factors in- 
volved gave an entirely new interpretation to chemical reactions. 

As to the possibility, there may be some question in determining life 
processes, such as those of bacterial activity, as accurately as a chemical 
reaction. It is still an open question whether or not life manifestations 
are a mere physico-chemical process. Our deficient knowledge of chemis- 
try and the inability of controlling all factors involved have not as yet 
permitted a definite answer. We assume, however, that under the same 
physical and chemical conditions the same changes will take place; 
otherwise, physiological experiments will be useless. The possibility 
of applying mathematics to bacteriological processes cannot be dis- 
regarded therefore, if all the conditions involved in them are under 
control. Difficulties will arise mainly from the inaccurate methods of 
analyzing the products or counting the bacteria, but the difficulties of a 
method cannot prevent the use of it to advantage. 

The natural development of all science leads towards an absolutely 
exact formulation of facts. The physiology of fermentation is one 
branch of this science. If it is sufficiently advanced to permit the appli- 
cation of mathematics, it will be fitting to make it; if not, the weak 
points should be pointed out, and the gaps of our knowledge filled. 


DISCUSSION. 


The changes taking place in solutions of organic compounds may be 
of various natures. The three most common possibilities are: 


1. Purely chemical changes, following the law of Guldberg and 
Waage. 

Purely enzymic processes. 

Microbial or biological processes. 


wr 


The difference existing in the three processes consists mainly in the 
behavior of the “active mass.” In the purely chemical changes, the 
active mass is represented by the concentration of the acting substances 
and decreases as the process goes on. In the saponification of fat by 
alkali, both fat and alkali decrease by reacting upon each other, and 
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the reaction proceeds more slowly as the reaction advances. In the en- 
zymic process, one part of the active mass, that is, the enzyme, remains 
constant. It is a peculiarity of enzymes to cause decompositions without 
being weakened in their activity. This would cause a constant rate of 
decomposition, were it not for the fact that the decreasing concentration 
of the substance acted upon and the increase of the decomposition pro- 
ducts check it. For this reason, the actual rate decreases. In bacterial 
changes, we have an increasing “active mass.” The number of acting 
cells increases for a long time, and consequently, the velocity of the de- 
composing process increases also. These various possibilities of changes 
occurring in organic compounds give two types of curves, easily to be 
distinguished from each other. 

The curves of the purely chemical processes can be plotted from their 
mathematical equations. A reaction, where only one kind of molecules 
changes its concentration considerably, is called a wnimolecular re- 
action (e. g., the inversion of saccharodse by acids). <A bimolecular re- 
action, where the concentration of two kinds of molecules is changed, 
is represented by the saponification of esters by alkali. The equations 
are not essential for the following discussion, since we are interested 
only in the shape of the curves; they are, according to Nernst (theo- 
retische Chemie, 1900, p. 513): 


> “Ina 
For unimolecular reactions K = — —— 
t a—x 
1 x 
For bimolecular reactions kK => — ——— 
t (a—x)a. 
Ls x (Zax) 
For trimolecular reactions K = — ————— 
t 2a? (a-x)?. 


PRODUCT 


Fig. 1. The Law of Guldberg and Waage. 
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This mathematical formulation of the analytical data enabled van 
’t Hoff to state definitely the mechanism of chemical reactions which 
heretofore had been interpreted in various ways. 

Figure 1 shows the curves plotted from the mathematical equations 
of the unimolecular, bimolecular, and trimolecular reactions. 

The mathematical formulation of the enzymic curves is not as yet 
definitely settled, but we can obtain the curves easily from the data of 
analyses. Figure 2 is a typical enzymic curve, illustrating saccharose 
inversion by invertase. The data are taken from Duclaux, Traité de 
microbiologie, t. II p. 154). 


ACTION OF INVERTASE. 


PATS ge ATTN LCSinys isl pkirretewimes alamears mie A 3.1% sugar inverted. 
i 15 fh 4 Rvaeldnatatels ane See a le eae 8.89% 9S ui 
sf 30 Bok ob: dead cstaahsucs ax toms hcaeben ate Pee re Lee 7onay < 
ae 57 pobebepyee Yeo edie st abencicttody «ie ayseeebanl? 33.6% “ Ri 
x 90 CUapltevectahs sateen Sexo aia eles 45.8%  “ % 
er 0) SOP myryth Ste as. centprtaiad Photohd Maleate, 58.096! ‘ 
‘ 150 bis Wienehes itn tiah ss eRe tcp GS late ONL GTAToa us e 
aK) SMe § Miche cshepticeee Pau ccauate Sotetde toes COT o) ie ff 
es ©2240 to era tase SENCACReR Bian Bho ere 4. tac 84.4% “ 
ee ard) ES Sie MAS hres esto meee Satis! Se 87.37%.“ = 
e  -o20 Bhs Fabius es ohaeey cee Men aah hs O56 Tae ‘: 
“¢ 1470 SPOR BITE. cistielenets sais meee A eotatooete Sooo sé 
“ AS eNO UES cities ohare ee eee 100.0% “ ‘é 


Figure 3 is another enzymic curve, illustrating the decomposition of 
the protein of raw milk by the galactase, the natural proteolytic enzyme 
of milk. The milk was treated with an antiseptic to inhibit the growth 
of micro-organisms. The difference between this enzyme and the inver- 
fase consists mainly in the velocity of action, the one accomplishing a 


Fig. 2. The Action of Invertase. 
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greater change in a few minutes than the other caused in many weeks. 
Nevertheless, the form of the two enzymic curves is much alike, if drawn 
to comparable scales. The data for this curve are taken from the experi- 
ments of VanSlyke, Harding and Hart (cited in Lafar, Handbuch, Band 
lJ, p. 149). 


ACTION OF GALACTASE IN MILK. 


Age of Milk. Soluble Nitrogen. 
OSH Sock coat ote gs cok vcd tndusiee ied = VP oncy oun akeward. a 9.33% of total nitrogen. 
Ha LLS ee cecketicu. sap teachin whey thane inion ty sya aya to 205) Sica ogs om oe me ia 

3A" OL ppl cael arenes hac pek haha eh ear tal en ane 0 A ae ak ae Eh 

A eS gern spor efile sn Woke ns cok, tia ainisy Suet del lays 7a SSS he 

TB RR PA NE ps cage rate ai Vn eich fa aad Si Sie Vim wee i 

Dy ee ee aden teehee a ot aii coy aslon a a Kones ake, mush 31.050 ue ee FS 


These three curves demonstrate that there is very little difference in 
the purely chemical and enzymic processes, as far as the form of 
curves is concerned, though their mathematical equations are quite dif- 
ferent. It is impossible to decide by the picture of the curve alone 
whether we are dealing with an enzyme or with the law of Guldberg and 
Waage. 

Quite different from these curves are the changes produced by grow- 
ing and multiplying organisms. The difference is mainly, and in most 
cases only, the increase of the active mass in these processes. The 
simplest illustration is the following: 

An acid-producing bacterium is inoculated into a sugar solution. In 
the time required by these bacteria to double their number, a certain 


Fig. 3. The Action of Galactase in Milk. 
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amount of acid @ will be produced. The second generation consists of 
{wice as many cells which will, in the same time, produce twice as much 
acid as the original number, and this is added to the first acid, making 
the total quantity 3a. The third generation consisting of four times as 
many cells as the original, will produce four times as much acid, making 
the tetal 4a + 3a—Ta. The fourth generation produces eight times as 
much acid, ete. The resulting curve is shown in Figure 4. There is 
evidently, in the beginning, a tendency in the curve to become gradually 
parallel to the ordinate. This is, however, naturally limited by the re- 
striction in the multiplication of the bacteria. After a certain time, 
the growth of the acid producers will become slower and slower and 
finally will cease. As soon as this takes place, the active mass is con- 
stant, and when the active mass is constant, we have an enzymic curve. 
The enzymic curves have the tendency to run gradually parallel to the 
base line, and this combination of the two curves, the ‘curve of growth” 
with the enzymic curve, gives rise to the typical “fermentation curve.” 
If the number of bacteria decreased soon after reaching the maximum, 
the resulting curve from this moment would correspond to the law of 
Guldberg and Waage, giving practically the same path of curve. 

It is not necessary, however, for a typical fermentation curve that 
the multiplication of micro-organisms follow the geometrical progres- 
sion as in the example mentioned above. Any increase of active mass 
will cause an increase in the rate of fermentation, or an increasing 
angle of elevation, and we obtain fermentation curves with yeasts and 
moulds as well as with bacteria, though their laws of multiplication are 
different. Even growing animals and growing green plants must give 
similar curves for their products. It is, of course, understood that the 
factors influencing growth and fermentation, as e. g., temperature, 
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Fig. 4. The Theoretical Fermentation Curve. 
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oxygen supply, light, ete., must remain constant in order to give com- 
parable data. 

In speaking of “fermentation curves” from the one view point and 
“enzymic curves” from the other, it is not intended at all to oppose the 
general conception that probably all fermentations are caused by 
enzymes. The word “fermentation” is used in its widest meaning as a 
decomposition caused by micro-organisms, while the term “enzyme” is 
applied to the chemical compound enzyme which, independent of the 
cell, acts but does not multiply. It is really a distinction between 
the organized and unorganized ferments of forty years ago, when it 
was not known that the unorganized ferment is a product of the organ- 
ized. 

The difference can be demonstrated quite plainly by the following 
example: <A drop of a pure culture of a liquefying bacterium is spread 
over the surface of sterile gelatin in a test tube. The amount of lique- 
faction is measured daily and recorded in millimeters. A three-days’-old 
gelatin culture of the same organism is shaken with xylol for an hour to 
kill all bacteria, and 1 cc. of the liquefied part is transferred into a test 
tube with gelatin of the same diameter as the above culture; the lique- 
faction is measured daily. In the first tube, we have a fermentation, 
i. e., decomposition of gelatin by an organism, in the second, we have 
enzymic action, all bacteria being killed. In an experiment with 
Bacillus subtilis, the following data were obtained: 


Fig. 5. Gelatin Liquefaction by Living and Dead Bacteria. 
45 
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AMOUNT OF GELATIN LIQUEFIED. 


Living culture. Dead culture. 
Ader days tet tae. eon anoietoteee 1 mm. 5 mm. 
er a GLAVISe ee sie tern ee ere te ere te 5 mm 
ibaa) ays Sr Metso aerate eneeets 11 mm. 13 mm. 
CR ET LLY cs tenella to's cian stare eva es 16 mm. 16 mm. 
ThE Uy LLY eettaratts ae erareistere shee ia 19 mm. 17 mm. 
glides! Car OG See cuekstes bk oment 20 mm. 17 mm. 


The difference between the two curves is plain, though the method of 
analysis is very inaccurate. The curve of the dead bacteria has from the 
first moment a decreasing angle of elevation, while the curve of the 
living bacteria becomes at first steeper, and only after the third day 
does it resemble that of the dead bacteria of the first day. 

In the first three days, the angle of elevation or the rate of liquefac- 
tion increases. This increase is due to an increase of the active mass, 
namely, the bacteria or the enzymes secreted by these bacteria. During 
the fourth day, the rate of liquefaction has decreased a little, the angle 
of elevation being a little smaller. We must conclude that the active 
mass has ceased to multiply and is possibly decreasing. The curve of 
liquefaction, running at first more and more parallel to the ordinate, 
after three days turns the other way, and has the tendency to become 
parallel to the base line. The mathematician calls the point where a 
line curving in one direction changes to another direction, the point of 
inflection. This point is the characteristic point of the fermentation 
curve. The part beyond the point of inflection is in no way essentially 
different from the enzymic curve, but the part before, indicating the 
“increase of active mass” is typical for changes brought about by grow- 
ing organisms. 

The point of inflection indicates the moment when the maximum num- 
ber of bacteria is present. Consequently, we can recognize a curve as 
a fermentation curve only when the analysis of the products is begun 
before the maximum number is reached. At the point of inflection 
begins the enzymic curve, characterized by no increase of active mass. 

If, instead of using the total products, we would plot the curve from 
the daily or hourly increase, we get a maximum corresponding to the 
point of inflection. This is a mathematical law; the curve of the in- 
crease is the differential curve or derivative of the process itself, and 
the point of inflection in any curve is necessarily followed by a maximum 
(or minimum) in the differential curve. 

As one of the simplest examples, we shall discuss first lactic 
fermentation in pure culture. The following data are taken from a 
paper by Schierbeck (Archiv fuer Hygiene, Bd. 38, p. 299). 
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ACID PRODUCTION IN MILK. 


Degrees of Acidity 
Hours after Inoculation. a 
at 28° C. aioe. 
0 15 15 
5 16 ¥¢ 
7 7 ¢ 20 
10 22 41 
11 28 56 
13 44 66 
15 64 75 
25 88 84 
32 96 S87 
48 101 88 


At both temperatures, we notice plainly the increase of the active 
mass in the beginning of the fermentation, resulting in an increasing 
angle of elevation. This continues till the acidity of about 50° is 
reached, then the curve begins to turn the other way. The point of in- 
flection indicates the moment when the bacteria cease to increase. In 
our curve, we can readily see that in the milk at 35°C., the maximum 
number of lactic bacteria must have been reached about 9 hours after 
inoculation; in the other sample, about 14 hours. 

Another example of a combination of two fermentations is illustrated 
in the black line of Figure 7, representing the acid production and de- 
struction in market milk exposed to the air in a dish with large sur 
face. The titrations on 20 successive days gave the following degrees 
of acidity: 


Fig. 6. The Lactic Fermentation. 
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MILK KEPT IN AN OPEN VAT. 


Days. Acidity. Acid destroyed. Daily increase. 
é (black euEve) (dotted curve) 
1 24 +12 
2 52 se +28 
33 104 3 +52 maximum. 
4 128 3 +24 
5 136 + 8 
6 136 = SSS — 
7 132 0 0 
8 134 4 — 4 
9 130 2 0 
10 98 6 — 4 
11 78 38 —32 minimum. 
1) 64 58 —20 
13 52 72 —14 
14 40 84 —12 
5 34 96 —12 
16 30 102 — 6 
17 28 106 — 4 
18 26 108 — 2 
19 26 110 — 2 
| 110 0 
i 


The first process reaches its maximum after five days at 136° acid. 
The curve shows a plain fermentation curve with the point of inflection 
at the third day corresponding to a maximum in the curve of increase 
(See table). Then follows the decrease of acid, caused probably by 
Oidium lactis. This again is a typical fermentation curve. To show this 
more plainly, the curve of acid destruction was plotted, (third column of 
the table), beginning with the maximum acidity at the fifth day. The 
dotted curve in Figure 7 giving the amount of acid destroyed at different 
days, is of course nothing but the inverse of the original curve. In this 
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Fig. 7. Increase and Decrease of Acid in Unheated Milk. 
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case, instead of plotting the curve from the amount of the products of 
fermentation, we used the amount of food disappearing. The point of 
inflection corresponds to the minimum of the increase, which is the 
maximum of the acid destruction. 

The next two illustrations give two types of cheese ripening. It was 
the difference of the following two figures that called my attention first 
to the meaning of the form of these curves. They show the soluble nitro- 
gen (in per cents of total nitrogen) at different stages of the ripening 
process of soft and hard cheese. Both curves are plotted from data com- 
ing from the Geneva Experiment Station, obtained at about the same 
time, and are, therefore, directly comparable. 

Figure 8 represents the ripening process of the camembert cheese. 
The curve is quite irregular, probably due to the fact that different 
cheeses had been used for the analysis at different ages. But there is 
no doubt about its being a plain fermentation curve similar to the dotted 
line. 


Fig. 8. Water-Soluble Nitrogen in Camembert Cheese. 
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RIPENING OF CAMEMBERT CHEESE. 


(Geneva Exp. Sta. Technical Bul. No. 5 (1907.) ) 


Age. Water soluble nitrogen. 
NORV 2 ohh Pes cue eke ae wo Ame eR AD eebelihe Seria e cs tse ee 11.72% of total nitrogen. 
By CLR St Age ayes A SOR cigs sates sun MBER gage Arelt Taos otal cant He 0 ii eee 
Dley jar aes soso SET ME ico as ear ach anus eP G02 Yoga poe x 
SHB eae, Cpe oy doesn SR Re pe egal een GR LOFTS p ee a aces e 
Te aa Sawicur ea. Steet oy tae be Een cpegene eee de Ns Boats I Se ; 
1G ie er ao seaep RE Jian anon a ma en aCe GY ae ts ia es 
De bP act od ne, icine atic GWEN: ames Roast ne sie bana 25.68% - “ : - 
OE oe Saat hers) leh shite ate: G lake 2 cies mtu Rg Wage ob casi aciinel fe SBT SGN, eon 
Nena tee es indies a ichaus Chantalaheehs 3 Vere ersee ane Soha Eire ata 2 e 
US aM 8 ocd CGS Vs: Wen si salne Vas Gehad Baap Siyaiere cogeV ahs gait GOLG9 Tar yan yi 
HE career caer eas ioe Grey wn aeons scicay scene Aer arete 60:00% * os e 
PUD Reem asetae se Sets ave, 27.2 thine aun MONS ch mie dace Pantene eS OS: GOT one: i 
AIAN en WES pcr dera tee Nene de Sane sap ausd cyiaghabe psnceses te elyanRO MISE R 67.55% “ : os 
PM ere ENON te Patten a tena ye SN Hh ooahetMale BAe wieleeeNe SU:S89o a 


The main factor in this ripening is not a bacterium, but a Penicillium, 
the spores of which are scattered upon the surface of the chéese when 
it is one or two days old. “These germinate and grow, producing a 
white, velvety mass on the cheese which turns a dirty green about the 
tenth or twelfth day, due to the ripening of the spores.” With the 
ripening of the spores the mold has reached nearly the limit of its 
growth; the point of inflection of our curve at the 13th day agrees very 
nicely with this fact. 

The ripening of the cheddar cheese is, according to Figure 9, an en- 
tirely different process. There is no distinct increase of the angle of 
elevation, it seems rather like an enzymic curve; we may also compare it 
with the camembert curve from its thirteenth day, or still more ac- 
curately with the slow action of the galactase in milk. (Figure 3). 


RIPENING OF CHEDDAR CHEESE. 


(Geneva Exp. Sta. Technical Bul. No. 4 (1907) ). 


Age. Water soluble nitrogen in per cent of total nitrogen. 
EOSIN Soci er visas echt Siete Sinn Beene eae 4.68% 3.27% 3.779% 
NAY Nee eich Olnaie k aueyc an ene 7.73% 4.19% 4.75% 
EARS: Hiab a ces ust annnrtes kee are ee Riad of Se Bees 7.25% 5.87% 
th DAYS See eieieiic cere iar negicieeis Ohare 11.02% 9.42% 8.26% 
PA GAYS) 123.2 we Sete Pees Mee see 18.60% 16.01% 10.16% 
PETPOMCI: <8, aroha ean eniee mere edna Neen 19.58% 16.84% 
PAULO BLURS eRisins foes oare x poco wit eRe ete 28.68% 29.21% 23.21% 
PALO MEHR G he sperscie inlni sl ia eye rhe OES OR «ts Nese Leese 25.34% 
ASTT AS eters iGo cons ok cremation telteisar « 34.39% 31.16% 24.31% 
PPE oaaty eer ahs, «oa sleseatts ek ter ya mila % 31.53% wees ice aes 
Gi ODES: “Grainne iced Paar he Midi ths 43.22% 34.34% 


The nature of the ripening process of cheddar cheese has not been 
discovered yet. It may be bacterial or enzymic action, or both. (The 
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purely chemical ripening has never been taken into serious considera: 
tion). 

The ripening curves of our three cheeses have no point of inflection. 
There may have been a point before the first analysis of the cheeses 
was made, i. e., while the cheeses were in the press or very soon after 
this. At this time, the searching for the specific bacteria would be most 
likely successful, since they would be found in largest number. 
Harding and Prucha (Technical Bul. No. 8 of the Geneva Exp. Sta. 
1908, p. 180) found the lactic bacteria in cheddar cheese to reach 
their maximum number about four days after the cheese leaves the press. 

Against the theory of bacterial ripening stands, however, the very 
low point of inflection, if we suppose such a point at the first day after 
the cheeses leave the press. In all previous fermentation curves, this 
point is very near to one-half of the final amount of fermentation pro- 
ducts, while in this case the final amount of water soluble nitrogen is 
about 30% of the total nitrogen and the point of inflection would occur 
at about 4%. There is a certain amount of water soluble nitrogen al- 
ready present in milk, about 0.06 g. in 100 cc. of milk or in 87 g. 
of water. Figuring on an average of about 30% of water in cheese, this 
soluble nitrogen from fresh milk would amount to only 0.02% of the 
total cheese substance, while the soluble nitrogen of the cheese when 
leaving the press is about 0.12% to 0.20%. There must have been a rapid 
protein decomposition in the very short time elapsed from the moment 
of adding the rennet to the milk until the time when the pressing is 
finished. This rapid ripening in the first days speaks decidedly against 
an important réle of bacteria, if we consider the solubility of the nitro- 
gen as the characteristic of ripening. This is not entirely true, how- 
ever, since the commercial value of hard cheese depends more upon the 


Fig. 9. Water-Soluble Nitrogen in Cheddar Cheese. 
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flavor than upon the solubility of nitrogenous compounds. This part of 
the ripening process cannot be included in our discussions, unless we 
find an accurate method of determining flavors quantitatively. 

It may be said against this discussion of cheese ripening that 
the factors important for microbial life are not constant, changing from 
the nearly neutral milk to a salted, pressed, acid curd. This change 
will naturally affect the development of micro-organisms, but from the 
time our curves begin to tell the story of ripening the conditions are 
nearly constant, excepting the acidity. After the first two days, when 
100 cc. of the extract require about 140 cc. of n-10 alkali to be neutral- 
ized, the acidity increases very slowly, amounting to about 190 cc. after 
two weeks and about 220 ce. after four months; later it decreases slowly. 
This change in acidity will naturally influence the curve to some extent, 
but not enough to convert a fermentation curve into an enzymic curve. 

Whether the ripening process of the Swiss cheese follows the curves 
of the cheddar cheese or not, I am not able to say, since I have not suc- 
ceeded in getting sufficient data for an exact curve. Weigmann (in 
Lafar, Handbuch II, p. 158) quotes from von Freudenreich that the 
autolysis of fresh Swiss cheese is very insignificant while it is quite 
vigorous in old cheese. That speaks plainly for a microbial curve. 

A curve similar to the cheddar cheese ripening is found in the in- 
crease of amid nitrogen in cold storage butter (Rahn, Brown and Smith, 
Technical Bul. No. 2 of Michigan Exp. Sta. (1909), p. 29). The butter kept 


+62 salted 


Fig. 10. Amid Nitrogen in Butter. 
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at +6°C. without salt has a distinct point of inflection, the decomposi- 
tion of protein is caused by molds developing in that butter, while the 
other samples show a distinct curve of enzymic or chemical change. 
We must conclude from this that if the protein degradation in cold 
storage butter is due to micro-organisms, these had reached their 
highest number at the time the investigation began, and did not multi- 
ply after the butter was put in storage. The conditions of the butter 
remain practically the same after it has once reached the temperature 
of cold storage, since the moisture in butter, especially in salted butter, 
does not freeze. 

Another example is the nitrification in soils after addition of am- 
monium salt. Coleman (Centralblatt fuer Bakteriologie II, Bd. 20, p. 
408) found that the addition of dextrose increases the rapidity of nitri- 
fication. 


NITRIFICATION IN SOIL. 


Nitrate-nitrogen per kg. of soil. 
Additions to soil. 


fresh. 8 days. 14 days. 20 days. | 27 days 
iS Ammonium saltonly 95 2.5 <r. 20 mg. | 34.5 mg. 83.5 mg. 271.9 6C6.0 
II. Ammonium salt + 0.2% dextrose... 20 me |) 2253) me 12322) mee 426.3 668.7 


IlI. Ammonium salt + 0.5% dextrose... 20 mg. | 45.9 meg. 183.9 mg. 452.8 654.5 
| 


Plotting the curves from the above table, we find a typical fermentation 
curve, proving a large increase of nitrifying bacteria. With our present 
methods of counting nitrifying bacteria, it would have needed an ex- 


Fig. 11. Nitrification in Soil with and without Dextrose. 
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ceedingly tedious and uncertain experiment to prove an increase, while 
the curve shows plainly that the nitrifying bacteria in the soil treated 
with dextrose reached their maximum number at about the twentieth 
day, while without dextrose this point was not reached until about the 
twenty-seventh day. 

It seems quite probable from this discussion that dextrose has a 
stimulating influence, not upon the nitrification process itself, but 
upon the quantity of nitrifiers. It is probably used as food by these 
nitrifiers, either directly or after having been broken up into simpler 
compounds (e. g., CO,) by other soil bacteria. 

The next curve is an illustration for the necessity of determining as 
many points as possible of a process to be analyzed by the form of its 
curve. The data of Figure 12, representing the nitrification in soil with 
ammonium salt, are taken from the paper of Coleman, mentioned above. 


NITRATH NITROGEN IN SOIL WITH AMMONIUM SALT. 


TMS the MDCOMANING a. eee sieve. eee «yee 71.45 mg. per kg. of dry soil. 
ALOT ts VCCK Ss Crters miko: flee es ava wie wales 316.82 mg. per kg. of dry soil. 
PATLCT oy SWICCKS ahora Guay el acere pecs: nxein tal oe aiael 503.88 mg. per kg. of dry soil. 
PACU CTS: Mie WCCKS, Vessels sensing vw bf aistauero se 6 Sei 501.91 mg. per kg. of dry soil. 
Abter Daweeks) acces wlewisee 20s 514.97 mg. per kg. of dry soil. 


The curve in straight black lines gives the actual result, and the two 
dotted lines are two interpretations, both possible, according to the 
given facts. If we did not know that the nitrification is really a pro- 
cess caused by micro-organisms, and that the fermentation curve is the 
only interpretation possible, the given data would not show this. It is 
also evident that the determination of more points towards the end of 
the fermentation does not improve our knowledge of the curve much. 
The points of greatest importance are those which demonstrate the point 
of inflection, and this necessitates several analyses at the beginning of 
the fermentation. Comparatively little attention is paid generally to 
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the first stage of development, only the final products have been 
considered as important. This is natural from the commercial stand- 
point of the brewer, distiller, and butter-maker, but the scientist who aims 
at a complete understanding of the physiological process has to consider 
all phases of the growing cultures. 

An illustration for this fact can be given in the results obtained by 
the Remy method for testing soils. It consists in inoculating a sterile 
peptone solution with a certain amount of soil and determining the 
amount of ammonia produced after a certain number of days. Besides 
ammonia production, other soil properties, like nitrification, nitrogen 
fixation, etc., are tested in corresponding solutions. The ammonia is 
usually determined just once, after 3 to 8 days, under the supposition 
that after this time it does not increase. This is not always true, as 
can be seen easily from the data obtained with three Michigan soils, a 
muck, a sandy loam, and a very poor sand. The ammonia produced by 
10 grams of soil in 100 cc. of a 1% peptone solution at 20°C. gave the 
following data: 


AMMONIA PRODUCTION IN 100 CC. OF PEPTONE SOLUTION BY 10 GRAMS OF SOIL. 


(mg. nitrogen in form of ammonia per 100 cc.). 


Days. 2 4 5 6 8 10 13 15 23 
While f 10.1 48.5 64.8 79.0 95.7 104.0 110.7 113.0 110.6 
a l wot) 50.7 66.0 81.3 98.8 105.1 112.1 115.2 113.1 
Waar { 4.5 49.5 69.0 87.3 97.3 106.5 110.9 112.1 114.5 
ae te 6.3 48.7 69.3 90.9 O739 107.5 111.8 ISAO) |innis cae 
Sand if Hol 6.0 13.4 27.6 52.4 72.0 99.4 99.8 102.8 
ind \ 1.3 6.3 17.8 33.0 55.0 87.6 105.1 108.8 107.7 


The table shows very plainly that one single determination of ammonia 
cannot possibly give a correct idea of the changes brought forth by the 
soils. After two days, the muck soil has produced about nine times as 
much ammonia as the sand, and the loam about five times as much. This 
proportion, 1:5:9 is entirely changed after four days; it is 1:8:8, muck 
and loam being alike. After six days, the loam is ahead, but the sand 
also begins to ammonify more rapidly; the relative amounts of am- 
monia are now 1:3:2.6. From the eighth day, muck and loam are very 
much alike, while the sand is coming up more and more, though not 
entirely reaching the other two soils; the final proportion is 1:1.1:1.1. 
These proportions show better than long discussions that the Remy 
method in its present form cannot give an understanding of the bacter- 
iological properties of a soil. What time would be the most adequate 
for the distillation? At first, the muck is high, then the loam is high, 
and at the end, all three soils are very much alike. Even if all bacteri- 
ologists would agree to keep all cultures at the same temperature for 
the same length of time, the simple analysis of one culture after seven 
days would not give a definite knowledge of the previous and the follow- 
ing changes. The peculiar difference between loam and muck soil could 
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never be found by the Remy method, though it must certainly be based 
upon the character of the soils or of their bacteria. Another experi- 
ment carried on three months before the one described above, gave the 
same relations, though the rapidity of fermentation was higher in these 
midsummer soils. (Fig. 138). 


AMMONIA PRODUCTION IN PEPTONE SOLUTION BY SOILS. 


After 2 days. 3 days. 4 days. 6 days. 
Doo 38.1 47.6 71.0 
MIC ee ee { | 2300 g8-4 le ee 
if Wt. o 39.5 6ie5 89.8 
WGO ATA Maeege Gselice aeecae owiehe mrarsedie { 1B 1 40/8 68.4 | 93.0 
a 11.0 18.2 39 
Sandieeen cern co. te seeneeere ses { 312 99 18.8 44.7 


After two days the muck culture has nearly twice as much ammonia 
as the loam culture, after three days they are alike, after six days the 
loam is about 20% higher than the muck. 

Whether this remarkable behavior in the ammonification by loam and 
muck is due to a difference in the specific flora or to chemical or physical 
qualities of the soil, I cannot say, but such differences of the soil should 
not be neglected if we are testing the bacterial qualities of our soils in 
the manner described. 

A very remarkable feature of these last curves is the long, straight 
line instead of the nicely curving forms of the previous fermentation 
curves. We find these curves often occurring in soil fermentations. The 
most striking example is perhaps a series of analyses showing the acid 


Fig. 18. Ammonia Production by Three Soils in Peptone Solution. 


EXPERIMENT STATION BULLETINS. 365 


production in dextrose solution inoculated with soil (Rahn, Central- 
blatt f. Bakteriologie II, Bd. 20, p. 39). 


ACID PRODUCTION IN DEXTROSE SOLUTION WITH SOIL. 


Days. 

5 6 8 10 12 14 16 23 31 37 48 60 
Plot No. 1.. 7 9 15 21 27 35 41 44 47 48 46 43 
Plot No. 2.. 8 11 17 25 30 38 42 44 46 48 47 43 
Plot No. 3.. 4 “ 13 20 26 34 39 45 44 42 38 39 
Plot No. 4.. 7 9 17 23 28 37 40 52 55 55 53 50 
Plot No. 5.. (li 11 16 23 30 36 43 53 52 54 50 47 
Plot No. 6.. 9 12 22 30 35 42 49 55 57 59 59 57 
Plot No. 7.. 8 ata 18 24 31 37 44 54 56 57 57 54 
Plot No. 8.. 4 A 9 14 18 24 30 24 22 22 22 20 


The eight plots are from the same soil treated in different ways: the 
kind of treatment is immaterial for this demonstration and may be 
looked up in the original. Since the soil contained lime, the titration 
was not begun until the fifth day and from the fifth to the sixteenth 
day, the rate of acid production is so remarkably constant that one 
would hardly take the lines of Figure 14 for fermentation curves. The 
increasing rapidity of the acid production is only shown in the first 
five days. Instead of the point of inflection, we have a straight line. 

This seems to be the case in all solutions with a small amount of food. 
Fig. 15, e. g., shows the ammonia production of bacteria in a solution of 
peptone in distilled water. 


Fig. 14. Acid Production in Dextrose Solution by Soil. 
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AMMONIA PRODUCTION IN PEPTONE SOLUTION. 


2 days. 3 days. 4 days. 5 days. 6 days. 7 days. 
Pures Culturer ens oiai-eieeialetas — 7.0 8.1 10.6 12.6 = 
Mixed (Culturejs sets se scree 17.0 Zoe oa 37.4 = 51.8 


The mixed culture is taken from a similar peptone solution de- 
composed by soil bacteria; the pure culture was obtained by plating 
from this mixture. It was tried several times without success to get a 
stronger ammonifying bacterium. This experience agrees with that of 
others that in many fermentations the natural mixed culture is more 
effective than the isolated pure cultures. The straight lines of these 
curves are evident. 

I have only one plausible explanation for these lines. Instead of 
the point of inflection we have a straight line. The point of inflection 
is the moment where the organisms have reached their highest number. 
In the first curves, the activity of bacteria soon decreased after this 
point and the curve approached more and more the horizontal direction. 
In these last experiments with soil bacteria, the bacteria maintained 
their activity for quite a while after they had reached their highest 
number. The abundance of food in milk, cheese, and similar products 
made the bacteria less resistant to their own products than the scanty 
food of soil extracts. 

This goes even so far that the bacteria in a poorer medium produce 
a higher final concentration of fermentation products. We have sev- 
eral experiments on record, e. g., the following with CO, production in 
dextrose solution in which CaCO, is in excess. This dextrose solution 
is inoculated with soil. The one series contained some potassium phos: 


Fig. 15. Ammonia Production in Peptone Solution. 
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phate and asparagin, while the other one remained without any further 
addition (Rahn, Centralblatt f. Bakteriologie II, Bd. 20, p. 48). 


CO, PRODUCTION IN DEXTROSE SOLUTION WITH Cg CO, AND SOIL. 


Soil. 2 3 4 5 6 ai 8 9 10 11 12 
No addition moist 0 0 0 | 0.10 | 0.29 } 0.44 | 0.60 | 0.72 | 0.89 ; 1.01 }1.15 
dry 0 OO O207. 10821 0244) || 0F.66) | 0-81) tf 1025) I1e06si e044) 105 
With Potas- 
sium, Phos-= |\moist | 0.07 | 0.17 || 0:28) | 0-42 | 0:52) | 0.62 | 0:70) |),0).. 76) 0278) |>. 2--. 0.79 
phates and 
Asparfagin dry OR220 Olson | OLA Os 51s | OsGOn O69 e| Oa bi) Oe gon) Obici tee-iternel= 0.74 


The curve Fig. 16 shows the better nourished culture to be far ahead of 
the other culture for the first six days; but at the eighth day, they are 
alike and after that the culture without phosphate produces a good 
deal more CO, than the one with phosphates. 

Figure 11, illustrating nitrification with and without dextrose, would 
probably give the same results if the experiment had been continued 
longer. At the end of 27 days, the soil with 0.5% dextrose is probably 
not very far from the maximum, as we can tell by the declining curve; 
the soil with 0.2% dextrose exceeds the first one a little; this may, 


Fig. 16. CO,-Formation by Soil Bacteria with Plentiful and Scanty 
Food, 
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however, be accidental, the difference being too small to prove anything. 
But the soil without dextrose just reaches the greatest rate of nitrifi- 
cation after 27 days, and it would probably within another week have 
exceeded the nitrate in the dextrose soils. 

The general principle of these two experiments is so interesting and 
of so much significance especially to soil bacteriology, where we are deal- 
ing with very diluted solutions, that a test was made to ascertain the 
substances most concerned in this peculiar behavior of the cultures. The 
experiment was arranged in the following way: The following eight 
solutions were prepared, one liter of each: 


Marked O 1% peptone. 
K 


1% peptone + 0.1% KCl 
P 1% peptone + 0.1% Na, HPO, 
Ca 1% peptone + 0.1% Ca Cl,. 
KP 1% peptone + 01% KCl ey 0.1% Na, HPQ,. 


KCa 1% peptone + 0.1% KCl + 0.1% CaCl, 
PCa 1% peptone + 0.1% CaCl, + 0.1% Na, HPO 
KPCa 1% peptone + 0.1% CaCl, + 0.1% Na,HPO, oe 0.1% KCl. 


100 ce. portions of these solutions were filled in liter-florence flasks 
and sterilized in the autoclave. After cooling, 10 grams of a sandy 
loam were put in each flask, and the amount of ammonia produced was 
determined in time intervals which seemed most appropriate to give an 
idea of the progress of ammonification. Much attention was paid to 
get the final ammonification. All flasks containing the potassium phos- 
phate, had a sediment, but none of the others. 


AMMONIA PRODUCTION IN PEPTONE SOLUTION WITH MINERALS, 


Minerals added. 2 days. 3 days. 5:days. 7 days. 16 days. 

Bay oy BUA TAS Se re { Died 47.1 95.4 99.9 98.3 
22.8 Al elstensitetetanoerotens 100.1 101.8 

] eats SO Sane One cee {| 22.0 43.8 91.2 101.7 102.6 
38 eu 67.3 93.8 104.8 106.0 

Pe ys aren rareibe ne Rereig leis evokes eqene { 27.2 68.6 84.1 95.0 90.4 
29.4 79.2 Pe Goa wom hao OC 90.4 

(Or, Bootes SO ADOC Oe ome { 22.0 48.1 89.9 104.0 103.6 
22.0 50.8 94.1 97.3 105.4 

OP Pe aicieca he wey eiavaeiienee { 27.0 Taare 85.0 85.8 87.0 
Bee UA ice chap cts ENC 89.8 91.8 87.3 

Ki Cae avcicieree spereree.< wiarenie wince { 22.0 53.7 a6 ~ 1010 102.0 
Sits sevenciaieusts Ose 58.6 96.5 NIPRGY lbousosopnces 

EC Wek ce sists ecw wis eysuetatorecters ee { 22.0 54.0 97.6 101.6 97.3 
22.5 63.1 98.0 103.0 101.8 

THOMAS 3 Ati op oda clocir { 21.6 57.2 93.0 104.0 99.0 
23.1 62.4 94.2 106.0 99.4 


These absolute results are recorded in another relative way in the 
following table. In all vertical columns, the ammonia in the solution 
without minerals is taken as a basis of 100, and the corresponding data 
of the other cultures are computed according to this base. This en- 
ables one to read directly the percentage increase or decrease. 
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AMMONIA PRODUCTION IN PEPTONE SOLUTION WITH MINEBALS. 


(Relative numbers with untreated soil — 100.) 


Minerals added. | 2 days. | 3 days. 5 days. 7 days. | 16 days. 
| | rH 
EE One | 100 | 100 | 100 100 100 
A a ee 101 110 97 103 104 
Slee hese, che. lei | 127 147 90 95 # 
Par dee eA Pr: 99 | 98 97 | 100 105 
Lae alee Rees eh One pl 136 150 92 | 89 87 
1 RA, Sy Dy Sa aR 100 112 98 | 102 102 
1 ole ae eee nti 99 116 102 | 102 100 
a) ee eee 100 119 98 | 105 99 


After two days, we see all cultures alike except the two series with 
P and KP. These two are 27% and 36% ahead of the others. The favor- 
uble influence is due to the soluble phosphate, since it does not show 
in those flasks where phosphate and CaCl, were given at the same time. 
Those flasks with phosphates without calcium have a heavy scum, those 
with both phosphate and calcium a thin scum and those without any 
phosphates, no scum. After 3 days, these two cultures are even 47% 
and 50% ahead of the untreated cultures. After 5 days, however, we 
notice the contrary. The one has developed 10% less ammonia than the 
untreated, the other 8% less. After 7 days, the difference is the same 
and after 16 days the diminution is still more pronounced. 

It seems from this and the other results that it is not so much the 
quantity of the fermentable material (dextrose or peptone, respectively) 


Fig. 17. Ammonia Production in Peptone Solution with and without 


Minerals. 
47 
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but rather the amount of the “plastic food.” i. e., of those substances 
used for building up the cell, that has the greatest bearing upon the 
fimal concentration of products. From these few resulis we can draw 
general conclusions, however. 

This fact is evidently of great practical importance. Applications of 
this are made already in the vinegar fermentation. The German or 
quick vimegar process works with distilled diluted alcohol, which is 
practically free from nutrient substances, and yields a more concen- 
trated vinegar than the French or Orleans process where wine, beer and 
similar aleoholic fluids with plenty of feod material are fermented. 

Could we not in the same way explain the rapid multiplication with 
very litile fermentation by yeasis in aeraied liquids? Im the one case, 
they have plenty of one special food substance, namely oxygen, and 
there they ferment very litile; in the other case, where this food supply 
is soon exhausted, they ferment much more completely. 

The production of one ceriain compound may, howevér, depend upon 
other factors than the food supply only. Sackett, Patten and Brown 
(Mich. Exp. Station Bul. No. 43) noticed a much slower solvent action 
of bacteria upon bone meal in broth or peptone solution than in aspara- 
gin solution. This seems io be another example for better fermentation 
With poorer food. but the curves plotted from the data show that this 
is not the case. We have noi, as in the other examples quoted, at first 
@ Sironger action of the better nourished bacteria, but the broth cal- 
ture is lowest from the start. This indicates that in this case the vary- 
ing food causes varying decompositions, probably there is some alkali 
produced in broth, neutralizing the soluble acid phosphates. 


Fig. 18. Soluble Phosphates Produced in Different Media. 
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SOLUBLE PHOSPHATES FROM BONE MEAL. 


Milligrams in 250 ce. Average of 10 bacteria. 


Medium. | 30 days. 60 days. - 90 days. 


Asparapi Solution». 2. <2 seloes See esa oe i 4.59 6.89 $8.59 
Pepione Solution.......-.- Be ne = ae ee 2.24 4.37 5.15 
2.61 3.25 


Rect broths: 2 ot oe eee eee eres 0.36 


In this case, the curves prevent us from giving a wrong interpreta- 
tion to the data of the above table. 

Not only chemical products can be analyzed by their curves. The 
extensive experiments of Rubner (Archiv fuer Hygiene, Bd. 49, p. 355 
and Bd. 57, p. 193) show that the formation of heat follows the same 
principle. Rubner measured the temperature of fermenting liquids by 
preventing with greatest care the radiation of heat. Thus the heat ac- 
cumulated just like a chemical product of fermentation. The tempera- 
tare curves look sometimes like fermentation curves, sometimes like 
enzyme curves. This latter type indicates a very large inoculation, so 
large, that the bacteria did not multiply materially; the constant active 
mass causes a curve of the enzyme type. The curves of Rubner on page 
234 to 241 of vol. 57 of the Archiv fuer Hygiene show the heat pro 
duction of B. coli in broth inoculated with 0.4 g., 24 g., and 5.6 g. of B. 
coli culture from potato. The first curve is distinctly microbial, the 
other two are of the enzyme type. Two other series of curves are also 
of interest, on page 230 and 232 of the same paper, the one demonstrat- 
ing the microbial curves in the putrefaction of meat juice, urine and 
exereta of man and animals, the other showing the strictly enzymic 
curves of the autolysis of liver and muscle. 

It seems tempting to decide by the method of curves whether the 
spontaneous heating of organic matter in hay stacks, in green corn and 
grain, in tobacco-bales, moist cotton-refuse, etc., is of microbial or purely 
chemical nature. However, the method fails here, because the 
chemical and microbial curve in this particular case would be of the 
Same type. Namely, if the heat formation were due to a chemical process, 
this would produce a higher temperature afier a certain time. The 
higher temperature would increase the rate of the chemical process, 
and more heat would be produced in the same length of time. This 
would cause a faster heating, which would result in a still more in- 
creased velocity, and so on. In short, we have in this case the type of 
an explosion, where the product accelerates the action. The continu- 
ously increasing velocity of the process would make it impossible to dis- 
seas between a chemical and a microbial cause of the heat produc- 

on 

It is hardly necessary to mention that the curve of a process will be 
an absolute means of discussion only in case of pure cultures. In 
natural fermentations, there is always the possibility that different pro- 
cesses taking place at the same time destroy the regular form of the 
curve. A simple example would be the growth of an acid-producing 
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and an alkali-producing organism in the same liquid. It is also possible 
that an enzymic curve under certain conditions shows the form of a 
fermentation curve. We can imagine that an enzyme is acting slowly 
at first, because of an unsatisfactory acidity of the medium. By a 
chemical or microbial process, independent of the enzymic action, the 
acidity may be made more suitable for the enzyme, and this will cause 
an increased rate of action of the enzyme and give the type of a fer- 
mentation curve without the presence of organisms. The value of the 
curves is, therefore, not an absolute one and no conclusions ought to be 
drawn without consideration of the possibilities of error. 


CONCLUSIONS. 


If a curve of a biochemical process is plotted, taking as abscissa the 
time elapsed and as ordinate the total amounts of compounds pro- 
duced, the shape of this curve will in many instances indicate the nature 
of the change taking place. In a purely chemical or enzymic change, 
the active mass does not increase, and therefore the rapidity of the pro- 
cess measured by the angle of elevation of the curve does not increase. 
(An enzyme is understood to be a chemical compound, unable to multi- 
ply). The curve changes with the time, becoming gradually parallel 
to the base line. If we are dealing with changes caused by micro- 
organisms, the active mass increases as long aS micro-organisms increase, 
and consequently, the rate of the process, or the angle of elevation will 
rise as long as the increase continues. This elevation of the curve is 
characteristic for compounds produced by any multiplying organism. 
From the time the increase ceases, we are dealing with a purely 
enzymic curve. 

The exact plotting of the curve allows us to make fairly accurate 
statements about the multiplication and the duration of the increase 
of bacteria, even if they cannot be counted by our present methods. 
The point of inflection of a curve shows the moment when the organisms 
producing the substance under study reach their maximum number and 
can be studied with greatest convenience. 

In some instances, the point of inflection is changed to a straight line, 
indicating a strain of bacteria very resistant to their own products; 
this seems to take place especially in poor media, as soil extracts. A 
few experiments indicate that poorly nourished bacteria are able to 
produce a larger amount of fermentation products than well nourished 
bacteria though they need a much longer time to accomplish it. 
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FOREWORD. 
Technical Bulletin No. 6. 


The importance of the lime-sulfur solution, both as an_ insecticide 
and fungicide is increasing each year. In many sections it is now the 
only remedy used against the scale insects and it is fast replacing Bor- 
deaux mixture aS a Summer spray. 

Many exceedingly interesting observations were made during the prog- 
ress of the work here reported, for which, as yet, no satisfactory ex- 
planations have been reached. These will be taken up for further in- 
vestigation as opportunity permits. 

The methods of analysis used have made it possible to gain more in- 
formation upon the composition of the polysulfides. In table V, page 10, 
it will be observed that the ratio between the mono-sulfide and poly- 
sulfide sulfur, in all but three cases, is almost exactly one to four, 
proving, in these cases at least, that the sulfide sulfur is in the form of 
calcium pentasulfide (CaS,;). In these cases the sulfur was in excess. 
In the three exceptions (2A, 2B and 6A) the limes used were compara- 
tively pure and the calcium was in excess, making the formation of 
calcium pentasulfide impossible. 

From these observations together with other unpublished results we 
are led to the conclusion that when the ratio between the calcium 
and sulfur is greater than 1 to 214 the sulfide sulfur is present as 
calcium pentasulfide. When a greater amount of lime is used the sul- 
fide sulfur is present as a mixture of the lower sulfides together with 


some pentasulfide. 
A. J. PATTEN. 
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LIME-SULFUR SPRAY. 
BY JAMES EB. HARRIS. 


PART | 
METHODS OF ANALYSIS. 


The methods of analysis outlined in the following pages were devel- 
oped preliminary to the investigations upon the manufacture and stor- 
age of the lime-sulfur spray reported in part II of this bulletin. The 
methods that have been in most general use are those described by 
Avery (1) and Haywood (2). These have been slightly modified from 
time to time by other investigators, but at best they are tedious of opera- 
tion and time consuming. 

Recognizing the need of improvement in the analytical methods, an 
attempt was made to modify them with the idea of securing greater ac- 
curacy and rapidity. The main differences between the methods herein 
described and those in common use lie in the manner of effecting the 
oxidation of the sulfur compounds and in the estimation of the mono- 
sulfide and total sulfide sulfur, and the length of time required to make 
a complete analysis of a sample of lime-sulfur solution is reduced from 
more than one day to only a few hours. This in itself is an important 
feature where a large number of analyses must be made. 

In all of our work 25 ce. of the concentrated solution was diluted to 
250 cc. and the following determinations were made: 


(a) Total sulfur. 

(b) Mono-sulfide sulfur. 

(ec) Thiosulfate sulfur. 

(d) Sulfite and sulfate sulfur. 
(e) Total sulfide sulfur. 

(f) Calcium oxide. 


A description of the methods follows: 

Total sulfur—aAs it is a well known fact that sodium peroxide is a 
very powerful oxidizing agent, it was substituted in our work for the 
usual oxidizing agents bromine water and hydrogen peroxide, and was 
found to give excellent results. The method of procedure is as follows: 
10 cc. of the diluted solution is placed in a tall beaker, covered with a 
waich glass and five or six grams of sodium peroxide added. After stand- 
ing a few minutes, hydrochloric acid is added with stirring until the solu- 
tion clears up. If all the sulfur has not been oxidized, this will be in- 
dicated by a milky precipitate after the solution has been made acid. 
The addition of a little more sodium peroxide will complete the oxida- 
tion. In general however, five or six grams of sodium peroxide will be 
sufficient. After boiling a few minutes to drive off the dissolved gases, 
the sulfur may be precipitated as barium sulfate. This method of effect- 
ing the oxidation is more convenient and rapid than either the bromine 


(1) Bulletin 90, page 104, Bureau of Chemistry. 
(2) “e 101, o ae 
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or hydrogen peroxide method. The former is disagreeable to use and 
much time is consumed in evaporating off the excess bromine. The 
latter requires the use of hydrogen peroxide solution free from sulfates. 
Since it is very difficult to secure such a solution in the market, it must 
be prepared by allowing the solution to stand for some time in contact 
with barium carbonate, or the amount of sulfur in the hydrogen per- 
oxide must be determined and deducted from the final result. Also 
when hydrogen peroxide is used some time must be spent in heating 
the mixture before acidifying with hydrochloric acid and precipitating 
with barium chloride. Since sodium peroxide free from sulfates is 
easily obtainable, the above method avoids all the inconveniences in- 
cident to the use of bromine water and hydrogen peroxide. 

Comparative results for total sulfur using sodium peroxide, hydrogen 
peroxide and bromine as oxidizing agents: 


TABLE I. 
Wt. of BaSO4. | Total sulfur in 
Oxidizing agent. Wt. of corrected for |100 cc. original | Average. 
BaSO.. S. in reagents. solution. 
Grams. Grams. Grams. 
SOGUIINES Otero cicicisitiertee cove ocis, o Leelee ceive sinks ata tote DEB eal |B aan ree 32. | 32.73 
Peroxileweee eee pees een eee een een aca acaba cane DOR ST ames sere sere 32h ones 
sd | | 
PRG arom ens stataicts eroracterscam sia/ercia s Poo Fe Savors oe Sree elects: 2.4019 2.3829 32012 82.735 
1Hien).60 CHRO G Gon cb Ge SOR OREO CDOS COMETS cron OoCrrE 2.4045 2.3855 32.75 f 
SOMINOS settee stow srcista cerestel oes eae he aires fereiovaciet oh ete” if 23680) screen 20 o:oielo%e 32e5 laa 32.58 
l DES TT ll ee oe ee cae 32.64 f 


Monosulfide sulfur—The monosulfide sulfur was determined in this 
laboratory at first by the ammoniacal zine chloride method, the only 
modification being the method of drawing test portions for determining 
the end point. These test portions were filtered by means of the ap- 
paratus devised by Knorr* for work in sugar analysis. The apparatus 
consists of a piece of glass tubing closed at one end by a piece of per- 
forated platinum foil sealed into the glass. An asbestos pad is sucked 
into this and the test portion drawn through the pad. By inverting the 
tube a drop of the filtered solution may be added to the nickel sulfate 
on the tile. Even with this rapid method of filtering, it was found to be 
a long and tedious process to accurately determine the end point. There- 
fore an attempt was made to find some other method for determining 
the monosulfide sulfur. In titrating the solution of lime sulfur with 
iodine for the purpose of determining the thiosulfate sulfur according to 
the method described below, it was noticed that the yellow color of the 
solution disappeared when the same number of cc. of N/10 iodine had 
been used as were required of the decinormal zinc chloride solution to 
completely remove the sulfide from solution. This indicates that the 
reaction CaSx+I,—CalI,+Sx goes to completion before the reaction be- 
tween the iodine and calcium thiosulfate commences. This principle 
was therefore made use of in determining the mono-sulfide sulfur and 
the method was tried on a large number of samples containing varying 


*Described in Principles and Practice of Agricultural Analysis. Wiley, Vol. III P. 130. 
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amounts of sulfide and thiosulfate sulfur, comparing it carefully with 
the results obtained using the ammoniacal zine chloride method. The 
two methods were found to check nicely. With a little practice the 
end point can be determined more accurately with the iodine solution 
than with the ammoniacal zine chloride. The white milk of sulfur 
separating out forms a good background for determining the point at 
which the yellow color disappears. This method avoids the labori- 
ous process of filtering test portions to determine the end point by 
means of an external indicator. Tartert and Bradley endeavored to use 
the disappearance of color as an end point reaction with ammoniacal 
zine chloride as the titrating agent but because of the yellow color of the 
zinc polysulfide, found it to be very unsatisfactory. 

The following table shows a number of comparative analyses by the 
two methods, each analysis being given in duplicate. In each of these 
tests a 10 cc. sample of the diluted solution was used. 


TABLE Il. 
By ammoniacal zinc chloride. By N-10 iodine. 
Sample No. Per cent Per cent 
ce. used. monosulfide cc. used. monosulfide 
sulfur. sulfur. 
META) eeavsretevaisicrets cotteresesrsiaisie sresisieis leeiheleioine.c clochawieisietare 21.75 3.48 21.30 3.41 
((:) lao gaduosigodon obonoDhoesaouobcotanoceHDDoOAGaUTS 21.35 3.42 21.35 3.42 
22s (O) hapavadddeuedscnou aocoero odo coo aan duoopdDEdaoepoE 13.30 2.13 13.10 2.10 
(() oaoudpoodhs juocdoeeooabadeacocdupoDpyonats dgo00 13.15 2.10 13.20 2-11 
Sh (Okonacocotsocoa ss acccpGanoebooGanocddandcoop oo cuDES 23.40 3.74 23.50 3.76 
(1) Sapo dsapbocosononuooobU oon aSeOU IUdb. ccoosdacnaac 23.70 3.79 23.60 3.78 
HI) easoo onan seeccdosbedo0onenoobonnooKpododaDDONaae gc 21-55 3.45 21.45 3.43 
(D) Sea a clelerrsicias tails Wis sites cieters ects sinciteionioe siayenaee 21.70 3.47 21.55 3.45 
5%. (C) Bad daddortopac ccoeboubnscanosod qo uacaaanauedorads 31.60 5 06 31.60 5.06 
(1) badbesdooosenwasoouaDe 7 OpoduonucdaouuD dN OEcoaunE 31.80 5.09 31.60 5.06 


From the above table it will be seen that the general results by the 
two methods are in quite close agreement but the duplicates obtained 
using the iodine give better checks than those in which the decinormal 
zinc chloride was used. - Where the sample is to be used for the thio- 
sulfate sulfur determination, it is better to take 25 cc. of the diluted 
sample instead of 10 ce. 

Thiosulfate sulfur.—The thiosulfate sulfur may be determined by us- 
ing the same sample that has been used for determining the mono- 
sulfide sulfur. Therefore, after the end-point for the mono-sulfide has 
been reached we continue to add N/10 iodine until the characteristic 
blue color is obtained, starch solution being added as an indicator. 
This additional amount of iodine determines the amount of thiosulfate 
sulfur. In case this same sample is to be used for the determination 
of the sulfate and sulfite sulfur, it is better to leave out the starch solu- 
tion and determine the end point by means of the colorizing effect of 


(1) Journal of Ind. and Eng. Chemistry, Vol. 2, p. 271. 
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the iodine itself. The starch solution prevents the rapid settling of 
the sulfur precipitate. 

Sulfate and sulfite sulfur.—As has been customary in the past, these 
have been determined together. After the titration with iodine for the 
monosulfide and thiosulfate sulfur the solution is allowed to stand until 
the sulfur settles. It is then filtered, acidified and the sulfate and sul- 
fite (now sulfate) sulfur is precipitated in the cold. 

The total sulfide sulfur.*—This form of sulfur may be determined by 
placing the filter containing the sulfur that has been filtered off pre 
liminary to the determination of the sulfate sulfur, in a beaker dissolv- 
ing by heating with 25 cc. concentrated potassium or sodium hydroxide, 
oxidizing with sodium peroxide, as in the total sulfur determination, 
and precipitating and weighing as barium sulfate. However, as this 
is rather a long process, it has been customary to determine the sulfide 
sulfur by difference, that is by subtracting the thiosulfate, sulfate and 
sulfite sulfur from the total sulfur. 

Calcium owxide—The calcium oxide may be determined by drawing 
off 10 ce. of the diluted solution and oxidizing the sulfur exactly as in 
the total sulfur determination. After acidifying extra care must be 
taken to boil off all the gases in solution, for if any carbon dioxide is 
present a portion of the calcium will be precipitated as the carbonate 
upon making the solution alkaline. The solution after being boiled is 
made alkaline and filtered if a precipitate appears. The calcium may 
then be precipitated with ammonium oxalate in the usual way. 

An estimation of the calcium oxide in solution may be had from the 
iodine titration. Tartar’ and Bradley have shown that there is no cal- 


* Since this manuscript was prepared, Mr. O. B. Winter of this laboratory has 
done a considerable amount of work on the determination of the sulfide sulfur 
by weighing the free sulfur separated out by the iodine titration. This was sug- 
gested by Tarter and Bradley but they recommended for more accurate results, 
dissolving the sulfur in potassium hydroxide and estimating in the same way as 
for total sulfur. This of course, means a much greater amount of work than 
where the sulfur is weighed directly. 

The method of weighing the free sulfur gives slightly higher results than other methods 
and also more closely agreeing duplicates. A comparison of results by the two methods 
is here given 


Sulfur by direct weighing. Sulfur by dissolving and reprecipitating. 

rams. Grams. 
0.2015 0.1963 
0.1834 0.1805 
0.1835 0.1810 
0.1509 0.1456 
0.1882 0.1789 
0.1526 0.1332 


These differences may be explained in two ways, either some of the iodine 
is occluded in the free sulfur precipitate causing it to be too high, or on the 
other hand the barium, sulfate precipitate may be slightly soluble in the solution 
containing rather high concentrations of potassium and sodium chloride, causing 
low results. Otto Folin, Jour. Biol. Chem., Vol. I, Nos. 2 and 3, shows that the 
presence of potassium chloride does give low results for sulfur. This was verified 
by determining the sulfur in 40 cc. of approximately N/5 H.,SO, in the presence 
of an excess of potassium. 


(1) Journal of Ind. and Eng. Chemistry, Vol. 2, p. 271. 
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cium hydroxide present in the lime sulfur solution, so that the calcium is 
present as the sulfide and thiosulfate together with a little as the sulfate 
and sulfite. According to the reaction: CaSx-+I,—CalI,+Sx, the 
amount of calcium oxide in solution as the sulfide is given by multiply- 
ing the number of cc. of N/10 iodine used in the monosulfide sulfur 
determination by 0.0028. According to the reaction 2CaS,0,-+-Ij-= 
CaS,0,+Cal,, the amount of calcium oxide present in the form of the 
thiosulfate is determined by multiplying the number of cc. of decinor- 
mal iodine used in the thiosulfate determination by 0.0056. If there 
is any sulfate or sulfite sulfur present the corresponding amount of 
calcium oxide may be computed and added to the above. This method 
of estimating the amount of calcium oxide by computation was com- 
pared with the usual method in a series of fifteen experiments, and the 
results are given in the Table IIT: 


TABLE Iii. 
cc. N-10 iodine 
cc. N-10 iodine used in the Sulfate CaO by CaO Ex- 
No. of sample. used in mono- thiosulfate sulfite computa- | perimental | Difference. 
sulfide sulfur sulfur sulfur. tion. value. 
determination. | determination. 
LL Serr aren reste ea te nO ROLE te | 1325 4.25 -03 6.20 6.22 .02 
ieee ee ae ae | 17.15 5.65 none AC) ea Me VES er i 
Bede Dotted | 18.2 5.35 none S109 en 29.8.2 eal ails 
| 
Ce eee ee arr ee Pee 18.05 eran | 05 8.06 8.12 06 
Bia er ie aoe eae, | 20.15 5.95 aeaeris 9.15 9.14 01 
Geet ee ge a Ne | 15.50 | 4.30 | 08 6.79 | 6.90 Al 
| 
U[RircgPAR CPT PER CCE Seto eo 15 .80 6.35 09 8.22 8.12 10 
Sone eee AOE RENN career he | 25 .20 (hath) | 05 11.52 11 .62 10 
Me er ae | 13-20 4.50 10 6.36 6206 ane cs 
Tom ade ae eae Ree | 26.3 5.55 | .03 10.52 10.61 09 
I aR eee Ge ea ke an | 23.4 6.25 | .03 10.09 10.06 03 
UD Tach rote cpt es Sane take lone ign ae 20.4 5.70 -08 9.01 9.03 .02 
Bae Orien tate cuore ned | 21.55 6.75 .08 9.92 10.00 08 
1 Ne eh ee eS teens oR TS KOT 13.65 4.20 .02 6.20 | 6.30 10 
LS ome OAC OO OCNeDBOCAaTD. 47.1 3.75 .06 GSS Y/ 15.43 .06 
BaSOg, Sulfur, Difference, 

Number. Solution. grams. grams. grams. 
1h es aie E OCCT ICC RR RRO aa Te Water. tnicant dosoc eae Polen one eencere 0.9373 } ea 0s ee rere omine 
DI apa RIOR OT DOO DCOTER TOT Eno (ET Uion iriemron ion bebne decane 9385 
Dierks Sat be Meno ead Al'D oi 2 15 grams KOH, 5 grams NagQo....... 0.9821 \ 0.1260 0.0029 
UE Re nee aa bio aA Detlone St Rea 400 (coiHsOs ahs reece ene eae 0.9158 


These results indicate that the method of weighing the free sulfur gives more 
nearly the correct result and in our later work this method has been used when- 
ever a direct determination of the sulfide sulfur was desired. 
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It will be noticed that the greatest variation between the computed 
value and the determined value is 0.18% while in ten out of the fifteen 
values the variation is under 0.10%. The above determinations were 
made on 10 cc. samples of the diluted solution. 


SUMMARY. 


Total Sulfur.—tThe total sulfur is determined by oxidizing the sulfur 
present to the sulfate form, using sodium peroxide as the oxidizing 
agent and precipitating and weighing as barium sulfate. 

Monosulfide sulfur—The monosulfide sulfur is determined by titra- 
ting a 25 cc. sample of the diluted solution with decinormal iodine until 
the yellow color disappears. The number of grams per 100 cc. of the ori- 
ginal solution is given by the computation. cc. iodine X .0016 X 1000. 

25 

Thiosulfate Sulfur—rThe thiosulfate sulfur is determined by continu- 
ing to add iodine solution after the monosulfide end point has been 
reached until we have one drop in excess. This additional amount of 
iodine determines the amount of thiosulfate sulfur. For a 25 cc. sample 


the grams per 100 cc. of original solution is given by computation. 
ce. iodine X .0064 X 1000. 


25 

Sulfate and Sulfite Sulfur.—These are determined together by precipi- 
tation in the cold as barium sulfate after filtering off the sulfur from 
the solution used for the monosulfide and thiosulfate sulfur determina- 
tions. 

Total Sulfide Sulfur.—This may be determined by dissolving the sulfur 
precipitate, filtered off for the sulfate sulfur determination, in concen- 
trated potassium hydroxide, oxidizing and precipitating as barium sulfate. 

Calcium oxide—The calcium oxide may be determined by oxidizing 
the sulfur to the sulfate form and precipitating the calcium as the 
oxalate. 

It may also be determined by computation from the amount of 
iodine used in the monosulfide and thiosulfate sulfur determinations 
and from the amount of sulfate and sulfite sulfur present. The fol- 
lowing computation gives the number of grams per 100 cc.: (cc. iodine 
_used for monosulfide sulfur)-+(2 X cc. iodine used for thiosulfate sul- 


2 
fur) X Av es 2060 + (sulfate and sulphite sulfur) X 1.75. 


ADVANTAGES OF THESE METHODS OVER OLD METHODS. 


1. The use of sodium peroxide as an oxidizing agent is more con- 
venient than either bromine water or hydrogen peroxide and does not 
have to be especially prepared for the work as does the hydrogen per- 
oxide solution. 

2. The necessity of using the ammoniacal zinc chloride solution is 
avoided by substituting an iodine titration, thus doing away with the 
laborious task of filtering test portions for determining an end point by 
means of an external indicator. 

3. The process of dissolving the zinc polysulfide sulfur or sulfur 
precipitate in order to determine the sulfide sulfur is done away with. 
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4. The titration of the solution with acid, preparatory to making the 
thiosulfate sulfur determination, is made unnecessary. 

5. A method of determining the calcium oxide present by computa- 
tion from the decinormal iodine used for the thiosulfate and monosulfide 
sulfur determinations and from the sulfate and sulfite present. 


PART Il 


MANUFACTURE AND STORAGE OF HOME-MADE SOLUTIONS. 


During the past year many demands were made upon the chemical 
division of the Experiment Station for some specific information on 
certain points in regard to the manufacture and storage of the lime- 
sulfur spray. As the literature of the subject did not furnish the de- 
sired information the investigations detailed in the following pages 
were undertaken. 

No experiments were undertaken bearing upon the length of time the 
solution should be boiled as the experience of previous investigators on 
the subject has been that the maximum of sulfur in’solution is obtained 
by boiling from 45 minutes to one hour. 


EFFECT OF LIME ON THE COMPOSITION OF THE LIME-SULFUR SOLUTION. 


In order to determine the value of the various limes found in the 
Michigan market, samples of lime-sulfur were made up from six brands 
of lime. With two exceptions, two batches were made up from each 
brand, one according to the formula, 60 pounds of lime, 125 pounds of 
sulfur and 60 gallons of water, and the second according to the formula 
50-100-50, these being the formulae commonly used. The lime-sulfur 
was made up in barrel lots in a wooden tank built for the purpose, steam 
at 45 pounds pressure being used as the boiling agent. The solutions 
were boiled for one hour. Allowance was made for the condensation of 
the steam so that the lime-sulfur and water would be in the above men- 
tioned proportions at the finish. The limes used were: 1. Kelly Island 
Lime. 2. A special low magnesia lime put out by the Michigan Lime 
Co. 38. Crescent Brand Lime. 4. Ohio and Western Co’s Lime. 5. 
Kelly Island Lime and Transport Co’s Lime from White Rock, Ohio. 
6. Bay Shore Superior Lime. 

These limes showed the following analyses for calcium oxide and mag- 
nesium oxide. 


TABLE IV. 
CaO MgO 
Sample. per cent. per cent. 
Deere syste reeecrake etal alors la -twaks 6 ai/e ln) ava Gl aic ea a Tare alo we ar beveel ugcosh len sterera ta el bates otal dpotevele Riot state Tae 65.70 31.13 
Die atalerdtatt terete ete Tito Daa ictaleiakal oie ala Baya lesa oresatece a SG MI Ae enetan oie oo ee ice tear eoseme ee 96.40 0.13 
Dice rarest sca/e Doe Sie tetate GUePSre erate ors Siete 0, otis’ oe love Grave ascii Sua ale Sean atbhe e clmia ete tele aTNe aia orale ve veteraloteteveretete erapae 74.70 22.47 
Ae eRe ach hee a alah of Dea hate pasa One GTT Spel sta sa aisle eys' esas: ai0/6 bi areicsclereielclerae iste aielele ACT ara ea Oezee aie 69 .22 28 .87 
A ORC ORE MOISE oR HOE eI Aer ORO CHOC RR AOR AA FRO Oa Shae Dna son toe 57.66 41.97 
Gate ade: Ste baviele veh m he Seared loae eerie au an one be ares ceralya Ses ert apa aa eteetaeate eae ea anS 86.77 10.21 
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After making up the solutions, samples were drawn off, filtered while 
hot, and after cooling were analyzed. The results of the analyses are 
given in Table V. The letters A and B in column 1 indicate the formula 
used, A for the 60-125-60 formula and B for the 50-100-50 formula. The 
results are expressed in grams per 100 cc. of the original solution. 


TABLE V. 

Sample. Total wade onige cute ante ae tobe Calcium Density. tones 

sulfur. sulfur. sulfur. sulfur. sulfur. sulfur. oxide. Beaume. 
LAs sits 18.00 2.92 11.40 14.32 3.42 none 8.22 1.1450 18.2 
DBS xcs 17.58 2.75 11.29 14.04 3.58 none 7.97 1.1410 17.8 
DA sicissrs 24.61 4.28 15.72 20.00 4.61 -03 | 11.96 1.2170 25.7 
PASE AA ee Gee 21.08 3.73 13.44 17.17 3.87 04 | 10.50 1.1860 22.6 
oi teheqone 19.96 3.26 12.96 16.22 3.66 -08 | 9.07 1.1650 20.4 
Bi heaceone | 20.55 3.27 13.08 16.35 4.20 none | 9 .63 1.1732 21.2 
AR i tie 17.65 2.81 11 .22 14.03 3.62 none | 8.16 1.1401 Nef 
OAR ne 13.65 2.18 8.80 10.98 2.67 02 | 6.36 1.1021 13.3 
Ne EAcodues 15.54 2.52 10.16 12.68 2.83 .03 | 7.24 1.1110 15.4 
i easéocen 20.93 3.49 12.44 15.93 4.06 .04 | 8.30 1.1994 21.8 


Comparing the above two tables, it is found that in a general way 
the amount of total sulfur in solution varies inversely with the amount 
of magnesium oxide present in the lime used. If we arrange the above 
samples according to the amount of total sulfur present, we have them 
in the order 2. 6, 3, 1, 4, and 5. If we arrange them according to the 
amounts of magnesium oxide present in the lime, we have the order 
5, 1, 4, 3, 6 and 2, which, with the exception of samples 1 and 4, is 
the above order reversed. Samples No. 1 and 4 are very nearly alike, 
both in the amount of sulfur in solution and in the amount of magne- 
sium oxide present in the limes used, the variation being so small it is 
not strange that in the case of these two samples the order is not re- 
versed. This may have been brought about by a slight variation in 
the amount of steam condensation in the two cases, this variation caus- 
ing a corresponding variation in the concentrations. 

This evident relationship between the amount of sulfur present and 
the percentage of magnesia in the lime might be due to a harmful effect 
of the magnesia or it might be due to the fact that when a definite 
formula is used, such as the 50-100-50 formula, the percentage of cal- 
cium oxide present is cut down in the exact ratio in which the mag- 
nesium oxide is present, thus reducing the efficiency of the lime. 

From the above data no conclusion can be drawn as to which of the 
formulae used is the better. In each, since the lime is never pure 
calcium oxide, the sulfur is in excess. In some cases it is found that 
formula A gives better results, in others formula B. These variations 
(which are small) are probably due to variations in the amount of 
steam condensation. If one of the formulae is to be used the 50-100-50 
formula is less expensive and gives as good results as the 60-125-60. 
Later in the paper however, a recommendation will be given as to the 
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proportions of lime and sulfur to be used, the proportion to be de. 
termined by the purity of the lime. 


EFFECT OF MAGNESIA ON THE COMPOSITION OF LIME-SULFUR SOLUTION. 


These samples of lime were used showing the following analysis. 


TABLE VI. 
CaO MgO 
per cent. per cent. 
Ihe ikGalhra ibn bin@aeueudosopes abba weeauusOcUpoDanorodnor oe rnansenoampospapoonmadtcdops 74.4 22.5 
DaBav Shore UPErlony Limes seer w ey srelen ters ererettes sieesrek Taree tol < sheselioke suofierate te cietore = elatentiey amet tore 86.8 10.2 
SupbakerandyAdams limes (Brome Marble)' cr cit icv i-teretorettsleteiclfelerstercystovehete fers tarefeisieleray= oisl terete 99.0 1.0 


From each of the first two lines, two samples of lime-sulfur were 
made up, the first according to the formula 100 grams lime, 200 grams 
sulfur and 800 grams water. In the second sample in each case, the 
amount of lime was increased so that there was half as much calcium 
oxide as sulfur, the amount of water remaining the same. From the 
third lime, only one sample was made up and this in such quantities 
that the ratio of calcium oxide to sulfur was one to two. Each sample 
was boiled for one hour in a flask under a reflux condenser, filtered while 
hot, allowed to cool and analyzed. In the following table the results, 
for the sake of more accurate comparison, are given in actual percent- 
age instead of grams per 100 cc. of solution as in the first experiment. 


TABLE VII. 

| Aj ; i 

| ono- Total Thio- Sulfate Density 
Lime used Formula. Total ere sulfide sulfate {and sulfite) Calcium | Density. | degrees 

| sulfur. sulfur. sulfur. sulfur. sulfur. oxide. Beaume. 

| | 

| ital is 
WAC easier | 100-200-800 17.34 | 2.84 14.06 3.29 none 8.02 1.1680 20.7 
11) Bega | 135-200-800 18.40 | 3.24 14.82 3.57 01 9.00 1.1941 23.4 
ON BON | 100-200-800 17.75 2.96 11428) ||\ian 2 ea: .03 8.30 1.1794 21.8 
IB een | 115-200-800 18.42 | 3.42 15.63 2.78 01 8.44 1.1822 pyr 
OD | 101-200-800 18.60 | 3.25 15.28 3.37 03 8.85 1.1930 23.4 


From column 3 it will be seen that the amount of total sulfur in 
solution in samples 1B, 2B and 8B, in all of which the ratio of calcium 
oxide to sulfur is as one to two, is very nearly the same, the greatest 
variation being 0.2% between 1B and 3B. The greatest variation in 
these three samples in which the calcium oxide and sulfur are in the 
above ratio occurs in column 5, under the head of Total Sulfide Sulfur. 
The variation between 1B and 2B is 0.8%. This variation cannot be 
ascribed to the fact that there was less magnesia in sample 2 than in 1, 
because in sample 2 we find a larger amount of sulfide sulfur than in 
3, which is much lower in magnesia. From these results we must con- 
clude that the magnesium oxide present does not effect the amount of 
sulfur going into solution providing enough of the lime is taken so that 
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we may have half as much calcium oxide as of sulfur. The magnesium 
oxide is harmful however, because of the fact that it separates out in 
the form of a slime. From the above results it would seem best not to 
stick to any one formula in making up the lime sulfur solutions, but to 
obtain from the lime company, an approximate analysis of the lime to 
be used, and take an amount such that the calcium oxide and sulfur may 
be in the ratio of one to two. 


EFFECT OF STORING THE SOLUTION IN CONTACT WITH THE SEDIMENT. 


To determine the effect of allowing a lime-sulphur solution to stand in 
contact with its sediment, a number of samples of lime-sulfur were 
made up, analyzed, and allowed to stand for periods varying from four 
to seven weeks and again analyzed. 


“q TABLE VIII. 
Time Mono- Total Thio- Sulfate ec Density 
Sample. | allowed to Toul sulfide sulfide sulfate jand sulfite Glen Density. | degrees 
stand. Se sulfur. sulfur. sulfur. sulfur. ae Beaume. 
AWE Reo 0 weeks.. 18.00 2.92 14.32 3.42 | none 8.22 1.1450 18.2 
INS Ss Rear 6 weeks. . 17.36 2.89 14.00 3.36 | 04 8.12 1.1416 17.9 
OS paecer 7 weeks. . 16.40 2.40 11.73 4.57 | -10 8.13 1.1466 18.4 
| 
PH NS as neacae 0 weeks... 17.58 Qutb 14.04 3.58 | none 7.95 1.1410 17.8 
2Beestoaeee 6 weeks... 16.83 2.78 13.63 3.20 | -03 7.84 1.1385 17.6 
OObeatic 7 weeks. . 16.62 2.53 | 12.54 4.20 | -09 8.12 1.1435 18.1 
BAe: 0 weeks. . 24.61 4.28 20 .00 4.61 -03 11.96 | 1.2170 25.7 
SBS ecins 6 weeks. . 21.05 4.20 tieao 3.50 .03 10 .64 1.1910 Bra 
BOE sate ss 7 weeks. . 24.34 4.04 19.39 5.00 05 11.62 1.2180 25.8 
BAR fester ed 0 weeks. . 21.08 S483 ELT, 3.87 04 10.50 1.1860 22.6 
AB Rene eles: 5 weeks... 20.30 3.62 16.26 4.00 04 10.20 | 1.1786 21.8 
AGM ere 6 weeks... 21.02 3.74 16.71 4.25 .06 10.30 | 1.1878 | 22.8 
BAe 0 weeks... 19.96 3.26 16.22 3.66 -08 9.07 1.1650 20.4 
BE secre 5 weeks. . 19.33 3.22 15.58 3.62 13 9.25 1.1630 20.2 
GAua teed 0 weeks... 20.55 3.27 16.35 4.20 none 9.63 1.1732 PLP 
6Baseeeee 4 weeks.. 20.59 3.38 16.61 3.95 .03 9.46 1.1715 21.1 
FA Sine sss 0 weeks... 13.65 2.18 10.98 2.67 02 6.36 1.1021 13.3 
ZBae setts 4 weeks. . 13.31 2.18 10.68 2.60 -03 6.22 1.0998 13.0 
IOS osten. 5 weeks. . 13.43 2211 10.45 2.88 10 6.40 1.1051 13.6 
SAS recurs 0 weeks... 15.54 2:02 12.68 2.83 .03 7.24 1.1110 15.4 
ae 4 weeks.. 15.44 2.48 12.65 2.76 03 6.90 | 1.1195 15.4 
SORE marcas 5 weeks.. 157.53 2.48 12.62 2.88 03 7.08 1.1221 15.7 
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For the sake of comparison, a like process was carried out, with 
filtered portions of each sample. The analyses 1A, 2A, etc., are the 
analyses of the original solutions. 1B, 2B, etc., are the analyses of the 
solutions that have stood in contract with the sediment. 1C, 2C, etc., 
are the analyses of the corresponding filtered solutions. Samples 1, 
5, 5, and 7 were made up according to the formula 60-125-60 and the 
samples 2, 4, 6, and 8 according to the formula 50-100-50. The results 
are given in grams per 100 cc. of solution. See table VIII on opposite page. 

A number of interesting observations may be drawn from the study cf 
the above table. First, with the exception of samples 6B and 8C the 
amount of total sulfur in solution decreased both in the sample stand- 
ing in contact with its sediment and in the filtered sample. In case of 
the two exceptions mentioned, the amount of total sulfur in solution 
remained constant; with a few exceptions, the amount of decrease in 
the other samples was small. Second, in all except the first two samples 
the filtered solution was found to have a greater concentration than the 
unfiltered. There is however, only a slight variation in favor of the 
filtered solution, except in samples 3B and 4B. These latter variations 
may be easily explained. A portion of the liquid was removed from each 
of the two barrels containing these solutions for use by the Horticul- 
tural Department, thus leaving a large air space over the liquid. In 
the first sample, the filtered solution was found to be much weaker than 
the unfiltered solution. This is explained by the fact that the glass 
stopper of the bottle containing the filtered solution did not fit tightly 
thus allowing the solution to be more or less exposed to the air. These 
results confirm the conclusions of other experiments, viz.: that the lime 
sulfur solutions should be stored in containers that will leave the solu- 
tion as free as possible from the action of the air. Third, it is found 
on examining the columns headed monosulfide sulfur and total sulfide 
sulfur that the changes follow in a general way the changes noticed in 
the total sulfur column. There is, however, a much larger proportional 
falling off in the monosulfide and total sulfide sulfur in the filtered sam- 
ples than in the unfiltered samples. For example, take sample 2, in 
the total sulfur column we find a falling off of 0.7% in the unfiltered 
solution and 0.9% in the filtered. These quantities are 4.0% and 5.1% 
respectively of the total sulfur in the original solution. In the mono- 
sulfide column, we find a slight gain in the unfiltered solution and a de- 
crease of 0.22% in the filtered solution. This decrease being about 
8.0% of the sulfide sulfur in the original solution. In the total sulfide 
sulfur column there is a dropping off of 0.41% in the unfiltered solution 
and 1.60% in the filtered solution, these quantities being respectively 
2.9% and 11.4% of the amount of sulfide sulfur in the original solution. 
On examining the thiosulfate sulfur column we find that the changes 
here do not follow the changes in the total sulfur column. With the 
exception of 4B we find a decrease in the amount of thiosulfate sulfur in 
the unfiltered solution as compared with the original, while in the fil- 
tered solution we find an increase. This would indicate that in the un- 
filtered solutions the decrease in total sulfur goes on at the expense of 
the thiosulfate sulfur, while in the filtered solutions it goes on at the 
expense of the sulfide sulfur. The small decrease in the amount of the 
sulfide sulfur in the unfiltered solution may be due to an interaction 
between the thiosulfate sulfur and the sulfur in the sediment, a part 
of the thiosulfate sulfur being reduced to the sulfide form. It is of 
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interest to note that there was, quite a large excess of sulfur used in 
making up each sample except in the case of No. 4. In No. 4 the 
formula 50-100-50 was used and since the lime used in this case was 
96.4% pure calcium oxide the excess of sulfur was small. Sample No. 
4 was the only one in which there was not a decrease in the thiosulfate 
sulfur in the unfiltered solution. 

The second of the above three observations would lead us to con- 
clude that*there is no marked advantage to be gained from filtering 
the solution before storing. The third observation would lead us to 
conclude that if, as many experimenters maintain, the value of the 
solution depends upon the amount of sulfide sulfur present, it is better 
in those cases where an excess of sulfur has been used in making up 
the solution to allow it to stand in contact with its sediment. 


EFFECT OF RE-HEATING THE SOLUTION BEFORE USING. 


H. L. Fulmer’ of the Ontario Agricultural College advises that the 
lime sulfur solutions which have been allowed to cool should be re- 
heated before using. In determining the advantage to be gained in re- 
heating the samples before using, samples 8, 4, and 8 of the above ex- 
periment were used. In sample 3 and 8 the excess of sulfur in the 
sediment was large; in sample 4 the excess of sulfur was small. The 
analyses corresponding to the numbers 3B, 4B, and 8B are the same as 
given under the same numbers in the preceding table and represent the 
analyses of solutions that have stood for some time in contact with the 
sediment. The analyses corresponding to the numbers 3D, 4D and 8D 
are analyses of the same samples that have been re-heated nearly to 
boiling in contact with the sediment, filtered while hot and analyzed. 


TABLE IX. 
Mono- Total Thio- Sulfate . Density 
Total Calcium . : 

Sample. sulfide sulfide sulfate and sulfite A Density. degrees 

sulfur. sulfur. sulfur. sulfur. sulfur. oxide. Beaume. 
SBernaeeace 21.05 4.20 17.55 3.50 .03 10.64 1.1910 Zoe 
SD ese 21 .35 4.21 Wipe EDD .03 10.61 1.1936 23.4 
AB pert tee 20.30 3.62 16.26 4.00 04 10.20 1.1786 21.8 
4D Saete: 20 .63 3.73 16.59 4.00 -04 10.07 1.1831 22.2 
SBa sas) ae 15.44 2.48 12.65 2.76 03 6.90 1.1195 15.4 
SD 2 esceetc 15.42 2.45 12.32 3.05 05 6.93 1.1185 15eo 


In samples 3 and 4 it will be noticed that there is a slight increase 
in the amount of total sulfur in the solution that has been re-heated, 
practically all the increase being in the sulfide sulfur. In sample 8 there 
is a slight increase in the thiosulfate sulfur and a corresponding de- 
crease in the sulfide sulfur making the total sulfur in solution about the 
same as in the solution that has not been heated. From the above table 


1 Bull. 177 Ontario Agr. College. 
49 
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we may conclude that in those solutions in which the formula 50-100-50 
or 60-125-60 is used, thus insuring an excess of sulfur, that there is but 
very little advantage to be gained from re-heating the solution before 
using. 

SUMMARY. 


1. If formula 50-100-50 or 60-125-60 or any other formula providing 
for an excess of sulfur is to be used, the lower the amount of magnesia 
in the lime used, the greater the amount of sulfur to go into solution. 

2. If an analysis of the lime used is available an amount of lime 
should be used so that there shall be twice as much sulfur as calcium 
oxide. It is only in this way that a maximum amount of sulfur can be 
made to dissolve. 

3. There is no particular advantage to be gained by filtering the lime 
sulfur solutions before storing. While there is a slightly greater 
dropping off in the total sulfur in the unfiltered solution than in the 
filtered, there is a smaller decrease in the sulfide sulfur in the unfiltered 
than in the filtered, provided an excess of sulfur has been used in the 
manufacture of the solution. 

4. In those solutions, in the manufacture of which an excess of sulfur 
has been used, only a very slight increase in the amount of total sulfur 
in solution is observed when the solution is re-heated before using. 
This increase is not sufficient to pay for the cost of such an operation. 
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FOREWORD. 


Technical Bulletin No. 7. 


This bulletin forms a report of the continuation of the work out- 
lined in Technical Bulletin No. 4. 

Some definite information is given upon the composition of the 
organic matter of peat soils and two individual compounds, present in 
considerable quantities, have been isolated. 

It is proposed to continue the study of the composition of the organic 
matter of soils in respect to nitrogenous substances, and to supplement 
the laboratory work with pot experiments conducted in the open fields. 
It is hoped that the application of the laboratory results may, later, 
be extended to larger experimental plots and finally be adopted as 


general farm practice. 
ANDREW J. PATTEN. 
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ORGANIC NITROGENOUS COMPOUNDS IN PEAT SOILS. II. 


INTRODUCTION. 


To the Michigan farmers the peat and muck beds of the state have 
for a long time presented great possibilities as cheap and convenient 
supplies of nitrogen for fertilizing purposes. Being in many cases 
worthless for cultivation and containing considerable quantities of 
plant food, it would, at first sight, seem reasonable to suppose that 
they would form an ideal source of supply for this material. These 
beds are of such widespread occurrence that the majority of farms 
in this part of the country contain more or less extensive areas of 
them, while in almost all portions of the state large tracts of swamp 
land are found which are practically worthless for other purposes. 

The amount of nitrogen usually varies from one and one-half to 
three per cent. of the air-dried material, or from about two to five- 
tenths per cent. of the material as it comes from the bog. When one 
considers that this is equivalent to from three to six tons of free 
nitrogen, eighteen to thirty-six tons of nitrate of soda or fourteen to 
twenty-eight tons of sulfate of ammonia per acre-foot, it becomes evi- 
dent that such a natural product, could it be utilized, would be of 
no small value to the agriculturists of the state. 

However, the mere fact that a substance contains nitrogen is no 
certain indication that it will be valuable as a fertilizer. Thus the 
atmosphere itself contains millions of tons of free nitrogen but this 
is useless as food to all but a very few plants, while scrap leather and 
a large variety of other products contain considerable quantities of 
nitrogen united with other elements in such a way as to be of equally 
small value for fertilizer. Saltpetre and sulfate of ammonia, on the 
other hand, have their nitrogen so combined that it can be readily 
utilized as plant food. Unfortunately the nitrogen in peat is in the 
former condition, and plants find difficulty in assimilating it when it 
is applied to the soil in the raw state and, as a result, what at first 
sight appears to be very valuable to the farmer has in reality proved 
to be of small value. 

But it is possible, that by studying the various combinations in which 
nitrogen- occurs in peat, some method of treatment may be devised by 
which it can be converted into forms more available for plant use. 
It is in the hope of throwing some light upon the character of these 
nitrogenous compounds and perhaps in this way rendering possible the 
discovery of some method for making them useful for fertilizing pur- 
poses that the present series of investigations has been undertaken. 
That the study of the decomposition products of peat offers one of 
the best ways of attacking the problem can scarcely be questioned, 
for it is really from these bodies that we must expect results when the 
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material is applied to the soil. Also it is by the study of the simple 
elementary units that we can best hope to attain a knowledge of the 
complex structure from which they are derived. In fact it is because 
of the failure of the earlier investigators to isolate and study individual 
chemical compounds among the mass of decomposition products, that we 
know so little of the possibilities of peat as a fertilizer. 


Sources of Nitrogenous Material in Peat. 


Some indications of what compounds may be expected to occur in 
peat can be gained from a study of its origin. The nitrogenous matter 
in peat may be derived from three sources, (1) the nitrogenous con- 
stituents of plants, which form the largest and most important source; 
(2) the remains of insects and other animals’; and (3) the remains 
of lower organisms such as moulds and bacteria. Schreiner and Shorey’ 
say in regard to these: “It is usual to consider the organic matter of 
both plants and animals as made up of protein, and carbohydrates, 
but in addition to these elements there are, particularly in plants, a 
host of other compounds not included in these groups and which are a 
source of no small part of the soil organic matter. Among these are 
resin, hydrocarbons and derivatives, waxes, alkaloids, glucosides, tan- 
nins, phenols and their derivatives, acids, aldehydes, etc.” 

Much work has been done upon the nitrogenous constituents of plants 
and from the results of this work we may reasonably anticipate some 
of the compounds to be looked for in peat. Proteins are usually given 
the most prominent place among such organic nitrogenous bodies, 
partly, perhaps, because of the great scientific interest which at present 
centers around these bodies, and partly because the decomposition 
products of protein are, on this account, better known and more easily 
isolated than non-protein nitrogenous compounds. The compounds 
which we would look for from this source would be the mono and 
di-amino acids, prolin, and possibly polypeptides.* As will be shown 
later, most of the known amino acids have actually been isolated from 
the decomposition products of soil humus. Schreiner and Shorey* have 
demonstrated theoretically the possibility of the formation of pyridine 
compounds from the decomposition of protein and have isolated such 
a compound from soil. Such compounds would also be expected from 
the decomposition of plant alkaloids. Alkaloids themselves might also 
be present. Among the other non-protein nitrogenous compounds which 
might be expected are cholin, betain and other decomposition products 
of lecithins and certain nitrogenous glucosides. 

From animal remains would come the usual protein decomposition 
products. As has been shown by several workers, chitin may form one 
of the sources of nitrogen in peat and humus. From the work of Led- 
derhose® glucosamine is a decomposition product of this material. 
From moulds and bacteria protein decomposition products would also 
be formed. 

Reasoning on this basis, we should expect a large part of the nitrogen 


i J. Fruh, ‘‘ Uber Torf und Doppetlite,” Zurich, 1883. (Abs.in Jahresber. Fort. Ag. Chem., 1884, 


ae ‘Ollech. ‘Uber den Humus und seine Beziehungen zur Bodenfruchbarkeit,”’ Berlin, 1890. (Abs. 
in Jahresber. Fort. Ag. Chem.) 

2Bul. 53, Bureau of Soils, U. S. Dept. oe Agriculture, p. 9. 

8See Schulze, Vers. Stat. 73, 56 r191 

4Bul. 53. p. 32, Bureau of Soils, U.S. Desk of Agriculture, (1909). 

5Zeit. Physiol, ‘Chem. Dose 
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of peat and humus to be present in the form of protein or its decom- 
position products. Protein bodies themselves are readily destroyed by 
bacteria and some of the resulting substances contain nitrogen in a 
form that is easily absorbed by plants. Were all the nitrogen in peat in 
this form, it would seem highly probable that peat would be very efii- 
cient as a nitrogenous fertilizer. As is well known, however, such is 
not the case, which might indicate that during the progress of decay 
either the protein bodies have been decomposed and to a large extent 
removed or have been so changed as to render their nitrogen unfit for 
plant food. While several amino acids have actually been isolated 
from peat, still in most cases the largest part of the nitrogen seems to 
consist of non-protein bodies, the chemical nature of which cannot as 
yet even be surmised. 

It might seem, from the above discussion, that the isolation of these 
bodies should cause but little trouble, but in reality it has not proved 
so, and only within the last few years has the isolation of an individual 
organic nitrogenous compound been accomplished. 


Previous Investigations. 


One cannot help but be impressed with the amount of time which 
has been vainly spent in attempts to isolate some such compound in 
the pure condition. For years chemists have been extracting peat 
soils with alkali, precipitating from such extracts by means of acids, 
dark-colored amorphous substances, analyzing them, and claiming for 
them the characteristics of definite chemical compounds. So weak have 
been the foundations of these claims that until very recently none has 
stood the tests of later investigation. Perhaps the most noticeable 
feature about the experiments has been the uniformity of the general 
method of procedure by which each successive investigator has attacked 
the problem. By far the greater part have treated the soil with a 
solution of alkali or alkaline carbonate, precipitated from this solution 
the characteristic dark brown, flocculent substance, and then either 
analyzed this directly or first purified it by resolution and reprecipita- 
tion with acid or some arbitrary precipitant, such as lead acetate. 
The result has invariably been the same, a substance whose percentage 
composition differed from all of its predecessors and one which later 
investigators could not duplicate. Rarely were the researches carried 
beyond the ultimate analyses of these substances or their socalled salts, 
as the precipitates which they formed with various metallic salts were 
supposed to be. Until quite recently, few experiments were made from 
which any conclusion could be drawn as to the structural composition 
of the substances in question. They were simply nitrogenous compounds, 
if compounds they were at all, and, until the last twenty-five years but 
little attention was paid to the nitrogen radicle, although from the 
standpoint of agricultural utility this is of the highest importance. 
During the last few years, however, the study of the nitrogenous com- 
pounds of peat and humus has been carried on in a more scientific man- 
ner and we may safely say that more progress has been made than 
during the entire preceding history of the work. 

The first worker to study the subject of peat humus was Einhof.* 


"= Neues allgemeines Journ. d. Chem. 6, 381 (1805). Gmelins’ Handbook of chem., trans. by Watt, 
1866, p. 459. 
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He was soon followed by Proust, Braconnot, Sprengel, and Mulder. 
Mulder was the most prominent. The work of all of them was, however, 
characterized by the same empirical methods which were in vogue at 
the time and which, as might be expected at this period of the develop- 
ment of organic chemistry, gave no insight into the nature of the nitro- 
genous substances present. In fact it was an open question at this time 
whether or not humus compounds really contained nitrogen except as 
an impurity. Mulder, while he seemed to hold plant protein as re- 
sponsible for the presence of nitrogen, argued that it was present in the 
form of ammonia or ammonium salts. Detmer,’ however, decided differ- 
ently, finding the nitrogenous compounds of the soil to be very stable. 
He obtained his humus as usual by digesting with alkali. After pre- 
cipitating with acid, he redissolved it in ammonia and precipitated the 
mineral constituents with phosphoric and oxalic acids and ammonium 
sulfide. When he had washed out the silica with hydrochloric acid 
he obtained an ash-free substance containing one and five-tenths per 
cent. of nitrogen. No ammonia was evolved upon making alkaline, 
but about twenty-one per cent. of the total nitrogen was removed by 
treatment with nitrous acid. This seems to be the first tangible evi- 
dence of the presence of any particular nitrogen group in humus. But 
although in the light of modern work this point assumes great import- 
ance, it seems to have attracted but slight attention then. Two years 
afterwards he also decided that humic acid could be prepared free 
from nitrogen. Simon* claimed that peat absorbed nitrogen from the 
air with the formation of ammonium compounds, a fact which was 
later disproved. Ritthausen* attributed the high nitrogen content to the 
formation of complex, difficulty decomposable materials by the absorp- 
tion of ammonia and pointed to the low ammonia content as an indica- 
tion of it, claiming that after absorption it was not present as such. 
y. Sivers,* in attempting to disprove Ritthausen’s theory, found that he 
could drive off only small amounts of ammonia by heating with potas- 
sium hydroxide. He decided that all ammonia taken in remained there 
as such, i. e. did not go to form complex compounds. He held that 
most of the nitrogen was in the protein form but offered no conclusive 
evidence. Grouven,® in trying to show that the nitrogen of humus was 
due to the absorption of ammonia by humic acids, found that in various 
samples only one-fiftieth of the total nitrogen was given up when heated 
several hours with milk of lime and only one-twentieth when heated two 
hours with potassium hydroxide. 

Such was the state of affairs up to the year 1887. Not only had no 
individual organic nitrogenous compound been isolated but, with the 
exception of Detmer’s experiment with nitrous acid, neither was any- 
thing of a definite nature known regarding the general form of the 
nitrogen radicle. Even this experiment seems to have passed unnoticed 
and to have had no influence upon subsequent work. The treatment of 
humus compounds with alkali had been with the view of determining 
the presence or absence of ammonia alone. During the year 1887, how- 

Wers. Stat. 14, 248 (1871). 

2Bied. Cent. 8, (1875). Jahresber. Fort. Ag. Chem 

3Fihlings tana Zeitung 1877, 161; see Vers. Stat. 25, 168, Sissi). 


4Vers. Stat. 24, 183, (1880). 
’Fihlings Landw. Zeitung 1883, p. 391. Abs. in Jahresber. Fort. Ag. Chem. 1883, 19. 
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ever, two articles appeared which took up the subject from another 
standpoint. A. Baumann' found that certain black Russian soils, rich 
in humus, containing but traces of ammonia, as such, yielded a con- 
siderable amount of it upon heating with dilute hydrochloric acid or 
upon treatment with alkali even in the cold. He pointed out that such 
conduct might be due to the presence of amino and amido compounds. 
Almost simultaneously this subject was taken up somewhat more ex- 
tensively from. this point of view by Berthelot and Andre? in the course 
of their work on amides. They found that boiling with acids, alkali or 
even water split off ammonia from humus. They, too, attributed this 
to the presence of amides. A short time after this, Warington® showed 
the presence of small amounts of amino nitrogen in a sample of Rotham- 
sted soil which, however, had been heavily manured. He used both 
nitrous acid and hypobromite in his work. The presence of any con- 
siderable amounts of amides was later contradicted by Sestini,t who 
stated that he could remove only small amounts of ammonia by boil- 
ing with alkali. As there is probably considerable difference in the 
composition of humus and peat from different sources, this could hardly 
be considered conclusive evidence that such materials might not in 
some cases contain considerable amido nitrogen. As has already been 
shown, several experimenters failed to find nitrogen in peat and humus 
which could be removed by treatment with alkalies. In some cases at 
least, this was probably due to the breaking down of the amides in the 
preliminary extraction of the humus material from the soil. Sestini 
also demonstrated the presence of amino nitrogen by the action of 
nitrous acid and, as had Berthelot and Andre, suggested the presence of 
amino acids. Likewise, Dojarenko® found considerable quantities of 
amino nitrogen in certain Russian soils rich in humus. Unlike the 
other investigators, he determined the amount present quantitatively, 
using Sachsse and Kormann’s method as modified by Boehmer.? He 
extracted the soil with ten per cent. sodium carbonate and worked with 
the “humic acid” thus obtained. He found from twenty-two to seventy 
per cent. of the total nitrogen in this to be in the amino form, from 
five to twelve per cent. in the amido form, while the ammonia varied 
from seventy-eight hundredths to two and thirty-six hundredths per 
cent. The ammonia was determined by distillation with magnesium 
oxide, and the amido nitrogen by converting into ammonia by boiling 
with dilute hydrochloric acid and subsequent distillation with magnes- 
ium oxide. He assumed all of the amino nitrogen to be present in the 
form of amino acids. Some years later Shorey’? applied some of the 
methods of protein analysis to the study of soil organic matter. He 
pointed out that, even though we might know much concerning the 
constitution of the compounds comprising the various groups isolated 
from protein by this system of analysis, we know nothing concerning 
their composition when isolated from soil. Three years later Jodidi® 
attempted to separate the mono- and di-amino acids in extracts of peat, 
using phospho-tungstic acid. As Shorey had pointed out, however, 

1Vers. Stat. 33, 247 (1887). 

2Comp. Rend. 103, 1101: Ann, Chem. 10, 368. 

3Chem. News, 55, 27 (1887). _ 

4Vers. Stat. 51, 153 (1899); L’Orosi 21,1. Abs. in Exp. Sta. Rec. 10, 424 (1898). 

5Vers. Stat. 56, 311, (1902). 

6Vers. Stat. 28, 247, (1882). 


7Rept. of Hawaii Ag. Exp. Sta. 1906, p. 50. : 
sJourn. Am. Chem. Soc. 22, 396 (1910). Mich. Ag. Coll. Exp. Sta., Tech. Bul. No. 4. p. 28. 
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while the compounds separated by this reagent in the case of protein 
consist of mono- and di-amino acids, it does not follow that such is 
true in the case of soils. Phospho-tungstic acid precipitates diamino 
acids from acid solution, leaving the monoamino acids dissolved. While 
it would undoubtedly act the same whether these acids were derived 
from animal protein or peat, still, in the latter case, other nitrogenous 
compounds might be present which would also be precipitated, thus 
increasing the amount of nitrogen classed as diamino nitrogen. Neither 
would all of the nitrogenous compounds remaining in solution be nec- 
essarily mono-amino acids. Jodidi also determined the quantities of 
amido and ammoniacal nitrogen. He concluded from his work that, 
in the peat which he used, the ammoniacal nitrogen amounted to but 
a few thousandths of one per cent. He says: “The bulk of the organic 
nitrogen, namely two-thirds to three-fourths, calculated upon the nitro- 
gen in solution by boiling with acids, is present in the form of mono- 
amino acids, about one-fourth in the form of amides and the rest of the 
nitrogen represented diamino acids.” 

The actual isolation of an individual organic nitrogenous chemical 
compound from soil was first accomplished by Shorey.t He extracted 
the soil with cold alkali, acidified the extract, filtered and neutralized 
the filtrate with sodium hydrate, filtered and concentrated. From this 
concentrated solution a pure white crystalline compound separated 
which had the percentage composition, melting point and other char- 
acteristics of piccoline carboxylic acid, a true chemical compound whose 
properties and structural composition were well known. From his 
method of obtaining this substance, Shorey decided that it was present 
in the soil as such and was not a decomposition product formed in 
the laboratory during the process of extraction. He showed that it did 
not aid in the growth of plants and was, in fact, harmful to them. 
While the soil with which he worked was not a peat, nor even a muck 
soil, still the compound which he obtained was no doubt formed from 
decomposed organic matter of much the same sort from which peat is 
produced. 

The following year Suzuki? published researches which gave the first 
definite knowledge of the individual amino compounds formed in the de- 
composition of soil organic matter. He worked with three samples of 
humic acid, one obtained from Merck, one prepared from a soil and 
one from a compost. He found only small quantities of amino acids 
present as such, but on boiling with concentrated acid and separating 
by the Fisher esterification method he obtained from five hundred grams 
of dry humie acid, 2.39 ¢. alanin, 2.16 g. leucin, 0.11 g. alanin +-amino 
valerie acid, 0.57 g. of amino valeric acid, 0.67 g. of copper salt of active 
prolin, 0.06 g. of aspariginic acid, 1.9 g. of ammonia and 30.3 g. of the 
copper salts of unidentified acids. Glutaminic acid was also found to 
gether with traces of histidin and tyrosin. As these compounds are 
typical decomposition products of protein, he concluded that the nitro- 
gen of humic acid is in the form of a complex protein body. 

The latest work at hand on this subject is by Schreiner and Shorey.* 
They have succeeded in isolating from soils, histidin and arginin, two 

1Rept. of Hawaii Ag. Exp. Sta. 1906, p. 37 


2Bul. Coll. of Agric., Tokyo, 7, 513. Abs. in Chem. Cent. 1907, Vol. 2, p. 1650. 
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of the hexone bases, as well as three other compounds of more complex 
structures, namely, cytosine, xanthine and hypoxanthine. The three 
last differ considerably from any of the substances previously discovered 
in soils and account for some of the non-protein nitrogenous compounds 
of hitherto unknown constitution. 

Owing to the fact that some investigators have worked with humic 
acids while others have used the peat or soil itself, it is impossible to 
assemble the results of these various investigators in such a way as to 
compare accurately the actual amounts of the different kinds of nitro- 
gen found by each. In a general way, though, the results agree. Thus 
the ammoniacal nitrogen seems to represent only a very small part of 
the total. The amount in the amido form is somewhat greater, while 
that present as primary amines is the largest of the three. From 
Schreiner’s and Shorey’s work some of the remainder consist of 
pyridine, pyrimidine and purine compounds. Most of the nitrogen in 
soil organic matter seems, however, to exist in combinations concern- 
ing which we know nothing. 


Amino Nitrogen in Peat.* 


It may be seen from this review of the work done on soil organic 
matter, but little reliable data has been obtained on the amount of 
amino nitrogen in soils and no general method is in vogue for its de- 
termination. As amino nitrogen can usually be easily converted by 
micro-organisms into a form available for plant use, such a method 
might be of considerable importance, not only from a scientific stand- 
point, with a view of determining the constitution of humus compounds, 
but also from a practical standpoint as an aid in determining the 
amount of nitrogen available for plant food. While some of the nitrogen 
of amino acids, and possibly of other amino compounds, may be split 
off on heating with strong bases, nothing like a complete decomposition 
could be conveniently obtained, and this method of procedure would 
also give, aS is well known, all of the nitrogen present in the form of 
ammonia and acid amides. Neither can precipitants of such a general 
nature as phospho-tungstic acid be depended upon in a mixture of com- 
pounds such as one gets in the extract of a soil rich in organic matter. 
The method originated by Sachsse and Kormann? which, as later modi- 
fied by Boehmer,? was used by Dojarenko as previously cited, is free 
from these objections. Moreover, it has recently been so perfected by 
Van Slyke* that it can be performed with great speed and accuracy. 
In principle it depends upon the action of nitrous acid on primary 
amines. In this reaction the nitrogen is set free in the elemental state 
according to the equation, 


RNH, + HNO, ——> ROH + N, + H,0. 


and can be measured as such. The NO gas formed by the secondary 
decomposition of the nitrous acid 


2 HNO; ==> NO 4-NO4 /HLO! 


1This part of the work was carried on with the assistance of Mr. O. B. Winter. 

2Vers. Stat. 17, 88: 17, 8321 (1874). 

8Vers. Stat. 28, 247 (1882). 

4Proc. Soc, Exp. Biol. and Med. 7, 46 (1910); Beritche d. Deutsh. Chem. Gesel. 43, 3170. (1910.) 
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is absorbed by potassium permanganate. While the method can ap- 
parently be made quite accurate, one factor of uncertainity was met with 
in the formation, by some secondary reaction, of free nitrogen (?) from 
the reagents used. The earlier experimenters had this same trouble and 
Kreuslert decided that it was due to the dissociation of NO into ele- 
mental nitrogen and oxygen. In running blank determinations, we 
found that no matter what precautions were used some gas was always 
left which could not be absorbed in potassium permanganate. This 
gas was shown by qualitative tests to contain a small amount of oxy- 
gen but most of it could not be absorbed in pyrogallic acid. By working 
under similar conditions this factor may be made practically constant. 


The following apparatus (figure I) and method of procedure were 
used in the determination of amino nitrogen. It is practically the 
same as was used by Van Slyke. The apparatus consists of a small 
wide-mouthed bottle (A) of 80 c.c. capacity fitted with a _ three-hole 
rubber stopper which supports (1) a glass cylinder (B) closed at the 


1Vers. Stat. 31, 284 and 302. (1885). See also Sachsse and Kormann, Vers. Stat. 17,§3824.% (1874) 
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bottom by a stop-cock, (2) a delivery tube (D) and (38 )a 10 c.c. burette 
(C). The stem of the cylinder which should be of capillary tubing, 
reaches almost to the bottom of the bottle. The delivery tube is also 
of capillary tubing of about 1-2 m.m. internal diameter, the upper end 
being bent twice at right angles to connect with a gas burette (FE) 
while the lower end is flush with the bottom of the rubber stopper. This 
tube should not extend above the top of the cylinder and should have 
a three-way Geissler stopcock (K) near the middle. At first an ordi- 
nary gas burette was used for measuring the gas volumes and a Hempel 
pipette (F) for the absorption of the nitric oxide. These two pieces of 
apparatus were later combined into one piece (FE), which served both 
purposes. It consisted of a 10 c.c. pipette, to one end of which was 
sealed a series of three bulbs, two of 35 ¢.c. capacity each and one of 
about 150 ¢.c. The ends of this apparatus were closed by stopcocks, 
a three-way horizontal one at the top and a straight one at the bottom. 
A leveling bulb (LL) was attached to the large bulb and filled with an 
acid solution of potassium permanganate. In the course of a determina- 
tion the mixture of gases was collected in this apparatus over the per- 
manganate solution. At the end of the reaction both stopcocks were 
closed and the gas shaken out in the large bulb, the lower stopcock 
being opened oceasionally to allow the liquid to run in and equalize 
the pressure. This saves transferring the gas to the Hempel pipette 
and back to the gas burette and the graduations of the 10 c.c. pipette 
permit of a more accurate reading than do those of the ordinary gas 
burette. As an acid permanganate solution liberates gaseous oxygen 
on standing, several precautions must be taken to guard against error 
from this source. This piece of apparatus can be used simply as a gas 
burette in connection with a Hempel pipette as shown in the illustra- 
tion. In this arrangement one branch of the three-way cock is con- 
nected with the delivery tube and the other with the Hempel bulbs 
which are filled with an alkaline permanganate solution. This solu- 
tion contains 5 g. KMNO, and 2.5 KOH per 100 g. H,O. and has the 
advantage over the acid solution of being perfectly stable. The gas 
volumes in this method cannot be read over it directly, however, as 
the manganese dioxide which is precipitated renders accurate readings 
difficult. On the whole however the use of the alkaline solution in 
the Hempel apparatus seems to give the best results. 

By introducing the three-way cock instead of the ordinary straight 
one into the delivery tube it becomes unnecessary to disconnect the 
gas burette and delivery tube for each determination. This removes 
one possible source of error in the introduction of air into the apparatus 
in making this connection. Before starting a determination all air 
should be driven out of that part of the apparatus between this three- 
way cock and the Hempel bulbs. This can be accomplished by opening 
the three-way cock between the gas burette and the Hempel bulbs and 
lowering the leveling bulb. The permanganate solution will be drawn 
over filling the connecting tube as far as this cock which can then be 
turned so as to close this opening and open the one between the gas 
burette and the delivery tube. By raising the leveling bulb the air can 
be driven out through this outlet and the burette and delivery tube filled 
with liquid as far as the cock (K) which should then be turned so as 
to close the opening towards the gas burette. The cylinder (B) in- 
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cluding the stem below the stopcock should be filled with water while 
the 10 e¢.c. burette should contain the sample which should likewise 
fill the capillary stem below the stopcock. Both of these together with 
the delivery tube should be in position in the rubber stopper. 

For carrying out the determination, 60 ¢.c. of a 30 per cent solution 
of sodium nitrate are placed in the bottle, 15 c.c. of glacial acetic acid 
added and the bottle wired on to the stopper, the gas escaping through 
the side outlet of the three-way cock in the delivery tube. The stop- 
cock of the cylinder is next opened, allowing water to run in and com- 
pletely fill the bottle and that part of the delivery tube below the stop- 
cock, thus displacing all air in the apparatus. The three-way cock in 
the delivery tube can be completely closed by giving it a slight turn, 
causing the gas which is being generated in the bottle to force the 
liquid back into the cylinder. To insure complete removal of air from 
the apparatus, the bottle and delivery tube are filled a second time with 
liquid, the excess which escapes through the side arm of the cock (K) 
being caught in the flask (H). This stopcock is then again closed and 
15-20 c.c. of gas allowed to accumulate in the bottle. After closing the 
outlet to the cylinder, the three-way cock in the delivery tube is turned 
so as to connect the bottle with the gas burette and the desired amount 
of sample run in from the 10 c.c. burette. The sample should contain 
about 5 mg. amino nitrogen per 10 cc. From 5-10 minutes are required 
for the completion of the reaction, during which time from 80 to 100 
c.c. of gas accumulate in the gas burette. After some practice the 
amount can be so regulated by shaking the bottle that it becomes nearly 
constant. At the end of the reaction the stopcock of the cylinder is 
again opened and all the gas in the bottle and delivery tube replaced 
by liquid. This stopcock is then closed, that in the delivery tube is 
turned so as to permit the escape, through the side arm, of the gas from 
the bottle while the three-way cock in the gas burette is completely 
closed. The gas can be driven into the Hempel apparatus by raising 
the leveling bulb. After shaking out the nitric oxide with the perman- 
ganate solution the nitrogen is run back into the gas burette for meas- 
urement. 

In preparing solutions for analysis care must be taken that all 
ammonium compounds are removed and that the solution is not acid 
with a strong mineral acid. Ammonium compounds react slowly 
with nitrous acid causing high results while strong mineral acids react 
too violently with sodium nitrite. Both of these difficulties can be over- 
come in one operation by adding to a known quantity of the acid solu- 
tion a slight excess of magnesium oxide and boiling off the free ammonia. 
The solution can then be filtered and washed from the solid residue 
and made up to a convenient volume for analysis. The slight alkalin- 
ity of the solution after this treatment does not affect the determina- 
tion. 

In calculating the percentage of nitrogen in the sample, it should 
be remembered “that, of the total volume. of nitrogen obtained in the 
gas burette, only one-half comes from the sample, ‘the other half com- 
ing from the nitrous acid. This fact adds considerably to the accuracy 

1Concerning the effect of ammonium coupons in results obtained ee this mete see the following 
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of the determination as all errors due to reading the burette, etc. are 
cut in two in the final result. 


The Effect of Acid on the Nitrogenous Compounds of Peat. 


Van Slyke’ has shown that the amount of amino nitrogen formed 
is a measure of the hydrolysis of protein compounds. He came to this 
conclusion from the following considerations. From the work of Emil 
Fischer the combination of amino acids in the protein molecule may be 
indicated thus, 


H O H O 
ul 1 il] 
HN c C—_n—C—C—OH, 
R H © 


the group CONH being known as the “peptid group.” The nitrogen 
in this group is in the imino (NH) form. Upon hydrolysis, each 
peptid group takes up a molecule of water forming a free carboxyl 
(COOH) group and converting the imino (NH) group into an amino 
(NH,.) group. 


Ht FO Bt. 16 

i} | ty 
H,N—C—C—OH H—N—U— 608 

R HR 


As the hydrolysis of the compound continues, the proportion of nitro- 
gen in the amino form increases until at complete hydrolysis it reaches 
a maximum. 

Van Slyke has studied the hydrolysis of various protein compounds 
by different reagents and obtained results which agree with the theory. 
In each case the rate of formation of amino nitrogen increased rapidly 
at first but finally approached a constant maximum value. He ob- 
tained the following results in the hydrolysis of egg albumen by means 
of 5 per cent NaOH. 


TABLE I. 
Per cent_of 
Hours. total 
nitrogen. 

eects sthaty hl eigen taks-c DOES Beata REOH Cncte en Oe a eee a ce ee 3.00 
OE oes o Biceps anus Fee AGL es Sc ae ECG TM cigs Lid eee Spee ach gis ee cS err 7.15 
tO tes cists Teele aus S98 wieste ee et ebagh Seeriegs ayaieTaMe Geka Per ecteney cist Ras caite lee Net aa aera 19.45 
DTG ict ann AN he oa Sha aaa BOR os CREAT CT ane A eRe Chere es ad an Aer 34.02 
WB) ricieies sin ole 2S. ghee StS ET TS PO, OR OR Ea OA a 46.62 
oa Es eon Se eer eit shy ake her ae 6 ert kekr Aly: 61.10 
i es aI Re ac SRA, RI ct ane Sect a arta GUC ERE ym ota Zt > 68 .42 
Gompletethydrol ysis. 3.0.2 p\ a sie e-<;<"sens aise Cue are doe ION Oe cae eT eee 85.20 


Upon tréating peat with acid a similar change takes place in the 
amino nitrogen content as is shown by the following table the results 
of which are shown graphically in Plate I. The peat used in this ex- 


1Ber. d. Deutsch. Chem. Gesel. 43, 3170; Proc. Soc. Exp. Biol. and Med. 7, 176. (1910). 
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periment was of the brown variety. After drying at 110° it contained 
2.58 per cent nitrogen of which 9.18 per cent was in the form of acid 
amides. This was determined by heating with sulfuric acid, filtering 
and distilling with magnesium oxide. In the air-dry state it contained 
11.18 per cent moisture and 16.00 per cent ash. It was obtained from 
the so-called Chandler marsh just north of the city of East Lansing, 
Michigan. For the following work it was dried at 110° after being 
pulverized in a mill so that nearly all of it would pass through an 80 
mesh sieve. Hight gram samples of this dry material were placed in flasks 
with 200 c.c. of 25 per cent sulfuric acid and the flasks and contents 
weighed. The flasks were then fitted with reflux condensers, heated in 
an oil bath at a temperature of 95° for the desired length of time with 
frequent shaking and again weighed. Water was added when necessary 
to bring the weight up to the previous one and the solid residue filtered 
off with suction. 25 or 50 ¢.c. samples of this solution were taken 
and diluted with distilled water. A slight excess of magnesium oxide 
was added and the ammonia distilled off. The solid residue was then 
separated from the liquid with suction and thoroughly washed after 
which the combined filtrate and washings were concentrated and made 
up to a definite volume of which portions equivalent to 10 c.c. of the 
original solution were taken for analysis. 

For the total soluble nitrogen 10 c.c. samples of the original solution 
were taken and analyzed by the Kjeldahl method. 


TABLE II. 
| Total nitrogen. Amino nitrogen. 
Hours, 
e.e. N/10 Per cent of c. c. N at Per cent of 
Beso] total 0° and 760 total 
nitrogen. m, m. nitrogen. 

TOUS 8 5teg s e Zee 29.86 0.76 4.62 
35215) pine creer ehecorcne 2.0 36 .67 1.20 7.30 
Giese <a ha es ia 8 esa 3.0 40.74 1.86 11.32 
1 LA iste ice ace ke ne 3.3 44.81 2.18 13.27 
TSAOOs Ao cee ce actos 3.4 46.17 2.90 17.65 
DAP Dey para era arian ss 3.6 48.89 3.32 20.20 
ADEN ered crore eta: 3.8 51.54 4.12 25.07 
QOE OO ys aie svevenete 2: arenes 4.5 Gt 4.32 | 26.17 
PSS OOS. ces ete’ arate es 4.7 63 .83 4.28 26.04 


Suzuki! concluded from his work that amino acids as such were 
present only in small quantities in humus. He claimed that they 
were combined in a complex protein molecule which was broken down 
by treatment with laboratory reagents with the formation of the free 
amino acids or their salts. A sample of the brown peat used in the 
above work was extracted with distilled water for forty-eight hours at 
95°. It gave the following figures for amino nitrogen: 

10 c. c. of the 200 c. c. used gave 0.27 c. c. N at 760 m. m. 1.64% of the total N 


1Bul. Coll. of Agric. Tokyo 7, 513. Abs. in Chem. Cent. 1907, Vol. 2, 1650. 
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All of the above results tend to substantiate Suzuki’s conclusion and 
indicate that at least a part of the nitrogen is present in the form of a 
complex protein compound which can be hydrolized to form amino 
acids in much the same way as egg albumen, casein, etc. 
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eel GML Ie | Nitrogen 100% 
Plate I. 


The Isolation of Individual Compounds from Peat. 


The brown peat used in the previous experiments was also used in 
The nitrogenous material was extracted by heating it for 


EXPERIMENT STATION BULLETINS. 401 


forty-eight hours on the sand bath with 25 parts by weight of 25 per 
cent sulfuric acid in a flask fitted with a reflux condenser. While 
still hot, the dark brown liquid was filtered, with suction, through a 
Buchner funnel having a solid unglazed, porcelain bottom. The in- 
soluble material was returned to the flask, heated with a fresh supply 
of water and again filtered. This was repeated several times until the 
wash water came through colorless. The filtrate and washings were 
made alkaline with slaked lime and the precipitate of calcium sulfate 
allowed to settle. The supernatant liquid was then poured through a 
filter and the precipitate washed several times by decantation with hot 
water. The liquid thus obtained was concentrated to about one-third 
its volume and filtered from a small precipitate of calcium sulfate and 
humus. Barium hydroxide was added to the filtrate in slight excess and 
the precipitate of barium sulfate filtered off and thoroughly washed.’ 
The hydroxides of barium and calcium remaining in solution were then 
removed by passing carbon dioxide into the hot solution and filtering 
off the precipitated carbonates by suction. By this process all of the 
sulfuric acid can be removed together with the reagents used for its 
removal, leaving only the products of the extraction in solution. Most 
of the brown, amorphous, humus material is held back so that at the end 
one has, at most, only a light brown solution. The amount of mineral 
matter was very small and was precipitated as a light-colored, sandy 
powder, during the concentration, before the organic matter came down. 
After removing this small precipitate, the solution was made slightly 
acid and a solution of phosphotungstic acid slowly added until it failed 
to cause a further precipitation. The precipitate thus formed was light 
gray and flocculent. It was filtered off and washed with hot water. 
Both the filtrate and precipitate were then boiled with an excess of 
harium hydroxide and filtered, after which the excess of barium hydrox- 
ide was removed with carbon dioxide and the solutions concentrated. 
The one resulting from the decomposition of the phosphotungstiec acid 
yielded only a brown viscous mass, which failed to crystallize. 

A light yellow scale formed on the surface of the other solution and 
as the concentration was continued, waxy knobs and clusters were 
formed on the sides of the dish. This material was separated from the 
rather oily mother liquor, dissolved in water and, after boiling with 
animal charcoal, recrystallized. After several recrystallizations it was 
obtained colorless, separating in waxy knobs and clusters when allowed 
to crystallize slowly or as a white crust when the mother liquor was 
more concentrated. It was further purified by precipitation from a 
concentrated aqueous solution with absolute alcohol. After being puri- 
fied in this way it crystallized in white flakes. It was readily soluble in 
water but almost insoluble in absolute alcohol and most organic solvents. 
The aqueous solution was neutral to litmus. When the solid substance 
was heated in a capillary tube it softened at 230° and decomposed at 
265-269°, giving a white crystalline sublimate in the upper part of the 
tube. The mother substance analyzed as follows: 


0.0696 g. subst. gave 6.7 cc. N at 25° and 748 mm. 
Calculated for C,H,,0,N: N, 10.68. Found, 10.56 per cent. 


1Where only small quantities of peat and_sulfuric acid are used, it is, of course, better to precipitate 
all of the acid with barium hydroxide. When large quantities of acid are being used, however, it Is 


more economical to precipitate the bulk of it with lime and use the barium only for that which remains 
in solution as calcium sulfate. 
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Copper Salt.—Several hundred milligrams were dissolved in boiling 
water and the solution saturated with copper carbonate. Carbon dioxide 
was evolved and the solution turned dark blue. A light blue scum 
formed on the surface. The solution was filtered hot and concentrated, 
upon which a dark blue crystalline copper compound separated out. It 
gave 19.68 per cent copper; calculated for (C*®H'?NO’),Cu, 19.64 per 
cent. 

These figures indicated that it might be one of the aminocaproic acids 
of which leucine is the most prominent. The light blue scum which had 
been filtered off was dissolved in water, in which it was difficultly 
soluble. From this it was evident that the original material contained 
two compounds, one forming a copper salt easily soluble in water, the 
other forming a copper salt difficultly soluble in this solvent. As was 
shown by Ehrlich, such is the case with leucine and isoleucine. His 
method for separating these two substances was based on the fact that 
the isoleucine copper salt is readily soluble in cold concentrated methyl] 
alcohol while the corresponding leucine compound is practically insolu- 
ble. Unfortunately this ideal condition of affairs does not hold abso- 
lutely when both substances are present. In a mixture of these com- 
pounds some of the leucine copper salt dissolves in the alcoholic solu- 
tion of the isoleucine salt while some of the latter is held back in the 
crystals of the former. For complete purification of the leucine, 
Ehrlich! suggested that, after extracting as thoroughly as possible, the 
leucine copper salt be decomposed with hydrogen sulfide, the copper sul- 
fide be filtered off and the copper salt again formed and extracted as 
before. Several repetitions of this procedure should remove all of the 
isoleucine. Recrystallization from water removes the leucine completely 
from the isoleucine. 

Leucine.—The solution of the mixed copper salts as originally ob- 
tained was taken to dryness on the steam bath. The resulting light blue, 
crystalline mass was extracted with small portions of cold concentrated 
methyl alcohol until the solvent was no longer colored after having 
been shaken some time with the salt. The solid residue was then dis- 
solved in water and decomposed with hydrogen sulfide. After filtering 
off the copper sulfide the solution was saturated with copper carbonate, 
the excess filtered off and the solution taken to dryness as before. This 
copper salt was again extracted with methyl alcohol and the process re- 
peated twice. The last extraction removed only a trace of copper from 
the solid residue. This was then dissolved in water, and decomposed 
with hydrogen sulfide. The copper sulfide was filtered off and the solu- 
tion concentrated. It was levorotatory. The white crystalline sub- 
stance which separated out gave the following rotation in 20 per cent 
hydrochloric acid. 

0.0455 gram substance in 11.1378 gram solution (0.4085 per cent; 
1.086 sp. gr.) gave +-0.40° (Ventzke) rot. in a 2 dm. tube at 20°, sodium 
light. 


[a}-° found = + 15.62. 
[ay L-leucene = + 17.3. 


When heated quickly in a capillary tube it melted at 287°. The 
copper salt gave the following figures for nitrogen and copper: 


1Ber., 37, 1809 (1904). 
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0.0585 gram substance gave 5.0 cc. moist nitrogen (28°, 738 mm). 
0.0291 gram substance gave 0.0072 gram CuO. 


Calculated for (C ,H ,,0 ,N) ,Cu: N, 8.65; Cu, 19.64. Found: N, 9.10; Cu, 19.76 per cent. 


Isoleucine — The combined methyl alcohol extracts from the leucine 
were concentrated. After drying at 110°, the dark blue copper com- 
pound analyzed as follows: 0.0539 gram substance gave 0.0133 gram 
CuO. 

Calculated for (C,H, 20.N) Cu: Cu, 19.64. Found, 19.72 per cent. 


After recrystallizing once from water, the copper was precipitated 
by hydrogen sulfide and the solution concentrated. The pure, white 
crystalline compound was filtered from the mother liquor, washed with 
alcohol and ether and dried at 110°. It melted at 272° when heated 
quickly. It had the following specific rotation: 

In water, 0.3227 gram substance in 14.6053 grams solution (2.21 per 
cent; 1.0053 sp. gr.) gave +1.1° (‘Ventzke) rotation in a 2 dm. tube 
at 20°, sodium light. 


[ay° found = +8.58. 
[aj for isoleucine = +9.74. 


In 20 per cent hydrochloric acid, 0.1965 gram substance in 13.4543 
grams solution (1.46 per cent; 1.0871 sp. gr.) gave +3.25° (Ventzke) 
rotation in a 2 dem. tube at 20°, sodium light. 


[ay found = + 35.47. 
[a}° isoleucine —= + 36.80. 


It analyzed as follows for nitrogen: 
Calculated for C,H ,,0,N: N, 10.68. Found: N, 10.89 per cent. 


From these results there can be no doubt as to the identity of the 
two compounds in question. Both of them are well known decomposi- 
tion products of protein and one of them, leucine, was among the com- 
pounds isolated by Suzuki from humic acid. 


Experiments with other Samples of Peat. 


As has been mentioned before,’ Jodidi determined the amounts of 
mono— and diamino nitrogen in acid extracts of peat using phospho- 
tungstic acid for precipitating the diamino acids. His conclusions were 
based on the assumption that all acid-soluble nitrogen is in the form 
of ammonium compounds, acid amides, mono— or diamino acids. 
That this assumption is unwarranted seems probable from the fact that 
many of the common constituents of plants, from which peat is formed, 
are compounds in which some of the nitrogen is not in any one of 
these four forms. To test this point analyses were made by Van 
Slyke’s method of samples of two of the peats used by Jodidi.? In the 

1p. 11 


2The conditions of extraction approximated “as closely as possible those of Experiments 7 and 12, 
Journ. Am. Chem. Soc. 32, 402; Tech. Bull. 4, Mich. Exp. Sta., Table I, p. 14. 
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extractions the ratios of acid to peat were slightly higher than in 
Jodidi’s work as we used 13.5 g. of oven-dried peat to 650 and 330 g. of 
acid making ratios of 45.6 and 24.4 for the brown and black peats re- 
spectively as compared with 41 and 21 in his work. If anything, this 
should increase the amounts of amino nitrogen in our results. At the 
time this work was done the samples of peat analyzed for total nitrogen 
as follows: 


BROWN PEAT. 


15 g. sample gave 3.23 ec. N at 760 mm, and 0°=24.96 per cent of the total. 
Found by Jodidi 41.19 per cent of the total. 


BLACK PEAT. 


15 g. sample gave 4.52 ec. N at 760 mm. and 0°25.97 per cent of the total. 
Found by Jodidi 43.02 per cent of the total. 


As was anticipated these results were lower than his. They agree 
well with the results on the brown peat previously described which 
would indicate that the amino nitrogen content of peat is a fairly con- 
stant quantity. 

A sample of this black peat was extracted with 25 per cent sulfuric 
acid and the extract treated as described on page 18. Upon concentra- 
ting the sulfate-free liquid the characteristic yellow scale formed. It 
was separated from the mother liquor and purified as in the previous 
case. The quantity was too small to permit of a separation of the 
isomers. The material was converted into the copper salt which 
analyzed as follows: 


0.0720 gram substance gave 0.1169 gram CO, and 0.0485 gram H ,O. 
0.0302 gram substance gave 0.0075 gram CuO. _ 

Calculated for (C,H ,,NO,) ,Cu: C, 44.48; H, 7.47; Cu, 19.64. Found: C, 44.29; H, 7.53; 
Cu, 19.85. 


The substance was evidently a mixture of the two compounds de- 
scribed above. 


SUMMARY. 


It is evident from the work done up to the present time on the nitro- 
genous material of soil organic matter that the subject is an exceed- 
ingly complex one. Evidently the decomposition products of plants 
contain compounds of great structural variety. The work reported in 
this paper and that done by Suzuki proves quite conclusively that a 
considerable portion of the nitrogen is present in the form of a protein 
compound or a mixture of such compounds which can be broken down 
on treatment with acids in the same manner as casein, egg albumen, 
etc. In the samples of peat studied for this work about 26 per cent 
of the total nitrogen was combined in this form in such a way that it 
could be converted by hydrolysis into primary amines, probably with 
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the formation of amino acids. About ten per cent of the total nitro- 
gen is due to the presence of acid amides. From the work of Schreiner 
and Shorey purine, pyrimidine and pyridine compounds constitute a 
part of the remainder. The greater part is, however, present in forms 
concerning which we know nothing and which may represent the most 
important factors in aiding or inhibiting plant growth. It seems prob- 
able, from the work done so far, that the classes of compounds consti- 
tuting this unknown residue are many. If this is true the possibility 
of ever getting a simple laboratory method for determining the so-called 
availability of organic nitrogenous material seems hopeless, as the dif- 
ference in the action of soil agents upon different substances is un- 
doubtedly very marked. The factor of toxicity must also be taken into 
consideration. Even though some method might be devised for imita- 
ting the action of soil agents in breaking down soil organic matter the 
presence of substances poisonous to plant growth is always a possibility 
until sufficient knowledge has been obtained of the kinds and amounts 
of the various compounds present for us to make positive statements to 
the contrary.. The greatest need at present in determining the value of 
the organic nitrogenous material of peat and humus is a closer knowl- 
edge of the individual substances actually present in such material and 
those which may possibly be formed by natural agents in the soil. Until 
this knowledge shall have been gained all attempts at the utilization of 
this material must be made more or less blindly and by empirical and 
uncertain methods. 

In conclusion the author wishes to express his thanks to Dr. D. D. 
VanSlyke of the Rockefeller Institute for Medical Research for his 
kindly interest and helpful suggestions regarding this work. 
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FOREWORD. 


Technical Bulletin No. 8. 


BY WARD GILTNER. 


The present bulletin continues the work published in Technical Bul- 
letin No. 3 of this station, giving, however, more extensively and defi- 
nitely the agglutinative relation of the blood-serum secured from normal, 
virus, immunized, and hyperimmunized pigs to B. cholerae swis. While 
the work established the fact that no dependence may be placed upon 
the degree of agglutination to indicate the potency of serum, it has 
been the means of providing many interesting and useful data as well 
as suggestions. These suggestions will be the basis of further investiga- 
tions. 

It becomes more and more apparent that, notwithstanding the value 
and utility of the Dorset-Niles serum as it is now manufactured, the 
problems concerning the practical manufacture and application call for 
renewed effort. A more intimate knowledge of the processes involved 
becomes essential to the most intelligent production and use. A solution 
can be found only in a study of the filterable virus, B. cholerae suis, 
and the organism of the pig as they are associated in this disease, hog 


cholera. 
CHARLES E. MARSHALL. 
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STUDIES OF AGGLUTINATION REACTIONS IN HOG CHOLERA 
DURING THE PROCESS OF SERUM PRODUCTION. 


(Continued.) 


I. INTRODUCTION. 
PURPOSE. 


The purpose of this paper is to set forth the results of experiments 
made in an effort to complete the work previously published.t. We are 
able to present a greater amount of data covering some of the points 
already considered and, in addition, a more or less comprehensive ac- 
count of many features not previously considered. 

A scientific understanding of Swine epizoétics, covering such points 
as their etiology, serum therapy, and control, demands an answer to 
the preplexing question of the relation of B. cholerae suis (B. suipestifer) 
and Bact. septicaemiae hemorrhagicae (Bact. suisepticum) to these dis- 
eases. We have concerned ourselves only with the former of these or- 
ganisms, the latter not having been isolated by us. As a result of our 
preliminary work, we were encouraged in the belief that a study of ag- 
glutination reactions in all the various stages of serum production might 
furnish a positive solution for some of the unsettled problems. We also 
hoped that there might be some definite relation between the agglutina- 
tive power of a serum toward B. cholerae suis and its immunizing power 
in vivo. In other words, we hoped to standardize the serum by the 
agglutination test. 


PREVIOUS RESULTS. 


Our work, in accord with that of many others, shows the pathogenic- 
ity of pure cultures of B. cholerae swis for swine under certain condi- 
tions. As a result of a limited number of observations, we have con- 
cluded that, “Pigs immunized according to the Turner-Kolle method 
may withstand intravenous injections of virulent cultures of B. cholerae 
suis.” We are not aware of any one having demonstrated an outbreak 
of hog cholera due to B. cholera suis only,* excluding the possibility of 
the presence of the filterable virus as an etiological factor. A careful 
study of the literature added to our experience with hog cholera in 
connection with the production and application of Dorset-Niles serum 
leaves us undecided as to the necessity of opposing an artificial im- 
munity against an organism regarded by many, as Hottinger’ puts it, 
as a colon-like organism invading the blood from its habitat, the intes- 
tinal canal, and possessing only acquired pathogenic properties. What 


* The work of Dammann and Stedefeder (Rep, 4) may furnish afpossil le exception to this statement 
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the significance of “acquired pathogenic properties” may be, and what 
their acquisition may mean to a herd of hogs does not appear in the 
literature. 

It seems to us good policy to persistently attempt to establish the 
fundamental points bearing upon the etiology of swine epizodtics, and, 
at the same time, vigorously but cautiously, to avail ourselves of all 
effective means of controlling these outbreaks even in the absence of a 
comprehensive understanding of the modus operandi of the means em- 
ployed. 


PLAN OF WORK. 


The agglutination work has been conducted, as before, in connection 
with routine serum production, and on account of the great expense of 
this kind of animal experimentation, the plan has been to interfere as 
little as possible with the routine serum work. We have been able to 
follow the changes in the agglutinative power of the blood of a num- 
ber of animals through various stages of treatment. The tabulated re- 
sults show the differences in agglutinative power of the blood of nor- 
mal pigs, of pigs treated with hog cholera virus alone or simultaneously 
with the protective serum, and of pigs treated with increasing doses 
of virus during the hyper-immunizing process. The results of efforts 
to measure the potency of serum by the agglutination reaction are 
shown under the tables covering the testing of mixed sera and table 
XXV. ; 

TECHNIC. 


The methods employed are essentially the same as in the previous 
work except that bouillon cultures of B. cholerae suis are used instead 
of a carbol-salt-solution suspension of agar slant cultures killed by 
heat. Flasks containing 50 ce. of ordinary bouillon are inoculated just 
before leaving the laboratory in the afternoon, and placed at 387°C. 
Upon returning to the laboratory 16 hours later, it is found that the 
cultures are uniformly turbid. A limited number of counts indicates the 
presence of from one-half to one billion organisms per ce. The cultures 
are too cloudy for the agglutination test, and are diluted by the addi- 
tion of an equal volume of 0.85 per cent Nacl solution containing 0.4 
per cent formalin. This puts the organisms in a 0.2 per cent formalin 
solution. The flasks are then kept in a cool room, and agitated daily. 
Sub-cultures usually show no growth after the second day. 

The bacterial suspension prepared in this manner gives satisfactory - 
results after 24 days at least, and probably can be used after a much 
longer time. Hiss,* working with dead typhoid cultures prepared in a 
similar way, states that there is “no change in their limit of agglutina- 
tion even after weeks.” The advantages in this method are the facility 
with which a large volume of bacterial emulsion is secured and the 
uniformity of the successive preparations. 

It is essential in comparative agglutination tests that the number of 
organisms in the bacterial suspensions be fairly constant. The use 
of a nephelometer for standardizing the density of the emulsion does 
not appeal to us so strongly as uniform methods of producing the emul- 
sion. 
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It has seemed desirable to determine in each case the limit of the 
agglutinative power of each serum tested. In order to do this, we have at- 
tempted to test the serum at dilutions both above and below the limit and 
at the same time to employ only five different dilutions. This is possi- 
ble only when we can make a close estimate as to the probable maxi- 
mums at which agglutination will occur. Previous tests with blood 
serum from the same animal and a knowledge of the treatment to which 
the animal has been subjected are the only indications. The agglutina- 
tive power of a serum, as measured by the system of dilutions, does 
not always diminish at a ratio capable of being computed from the data 
furnished by the observation of a considerable number of dilutions. 
To make this point clear, it is only necessary to study a table of reactions 
when it will be found that a complete reaction at one dilution is followed 
in some cases by a gradual diminution of the strength of the reaction 
through several succeeding dilutions while in other cases a complete 
reaction may be followed in unvarying intensity throughout a consider- 
able number of dilutions. This discussion is of more general interest, 
however, than the subject of this paper will permit. Still, we are con- 
vinced that our understanding of the nature of the agglutination re- 
action and the technic involved in making the test is very crude. 


CULTURES USED. 


Two cultures from different sources, but probably the same strain, 
were used in all the tests recorded here. Comparative tests demonstrated 
that there was no appreciable difference in the agglutinability of these 
two cultures of B. cholerae suis. Indeed they must have had a common 
source unless the B. cholerae suis found in the blood and other tissues of 
“virus pigs” finds its way there from its alleged normal habitat, the in- 
testines, of each pig treated. 


Culture “virus 122” came from the spleen of virus pig 122. 


Virus pig 122, wt. 75 lbs., was inoculated in the muscles of the ham. 9-23-09 with 
5 ce. virus blood from Expt. pig 216. The pig was killed 9 days after inoculation 
after showing characteristic symptoms of hog cholera. 

Autopsy: Inguinal glands quite hemorrhagic; iliac glands enlarged and hemor- 
rhagic; renal glands hemorrhagic; kidneys show few petechiae in both cortex and 
medulla; spleen enlarged and friable. 


Culture “virus 136” came from the spleen of virus pig 156. 


Virus pig 136, wt. 81 Ibs., was inoculated in the muscles of the ham. 11-30-09 
with 5 ce. of virus blood from virus pig 128. Was killed 11 days later after show- 
ing symptoms of hog cholera. 

Autopsy: Cortex of inguinal and iliac glands hemorrhagic; kidneys show 
petechiae in both cortex and medulla; spleen enlarged, dark and friable; liver 
shows slight superficial necrosis; intestinal mucosa sprinkled with numerous 
petechiae; lungs, hemorrhagic. 


These cultures were plated on agar and typical colonies were seeded 
on the various media necessary for the identification of B. cholerae 
suis. Infectiousness for rabbits was also determined. Pathogenicity for 
pigs was not determined except that large quantities of culture “virus 
136” were, injected intramuscularly into an immune pig (lHxpt. 315) 
with the result that only local abscesses were produced.* 


*The object and results of this work will be recorded later. 
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Since these cultures respond similarly when tested with the same 
sample of serum, it is of interest to trace their origin. 

The original “Ames virus” which is the basis of all our routine work, 
was kept in sealed bulbs for over six months. The successive transfers 
were then as follows: 


“Ames virus” to Expt. pig 124, to Expt. pig 199, to Expt. pig 216, 
to virus 122. 

“Ames virus” to Expt. pig 1238, to Expt. pig 197, to virus 124, to 
virus 128, to virus 136. 

“In studying the reaction,—we take into consideration two factors, 
viz.—(a) The clumping or agglutination of the bacteria and consequent 
clearing of the test fluid and (b) The formation of a characteristic 
membrane on the bottom of the tube.” In the tables under each dilution 
are the signs (-+—o) arranged in two columns to indicate the degree 
of reaction having reference to the two factors considered above. 


TABLE I.—Agglutination Tests With Normal Serum and Culture “Virus 122.” 


In the table, the sign (+) indicates a complete reaction, the sign (—) indicates that the reaction 
has progressed considerably, but not completely, and the sign (0) indicates no change. 


Dilution of serum. 25. 50. 100. 125. 250. 500. 
8 g 6 d 8 g 
No. of pig. |Weight.| Pate | 2) g|/2i/¢)/8le/8 1/8/8181 41/4 
= g = g nS g iB 8 & EI 2 g 
bo Boi BO ss 8 He 80 3s BD xs 80 3 
== dal ead ae Ug al Vee al Ite | dal seat ee ob 
Expt. 293...) 36 Ibs. | 11-24-09 |......]...... 0 0 0 0 0 0 0 0 0 0 
Expt. 294...) 33 Ibs. | 11-24-09 |......|...... — _— 0 0 0 0 0 0 0 0 
Expt. 295...| 33 Ibs. | 11-24-09 |}......]...... 0 0 0 0 0 0 0 0 0 0 
Expt. 296...| 27 Ibs. | 11-24-09 |......|...... 0 0 0 0 0 0 0 0 0 0 
Expt. 297...| 26 Ibs. | 11-24-09 |......]...... 0 0 0 0 0 0 0 0 0 0 
Expt. 298...| 26 Ibs. | 11-24-09 |......]....-. 0 0 0 0 0 0 0 0 0 0 
Expt. 299...| 35 Ibs. | 11-24-09 }......]...... — = 0 0 0 0 0 0 0 0 
Expt. 300...| 42 Ibs, | 11-24-09 |......]...... 0 0 0 0 0 0 0 0 0 0 
Expt. 301...) 35 Ibs. | 11-24-09 RAGS mead 0 0 0 0 0 0 0 0 0 0 
Expt. 302...) 32 Ibs. | 11-24-09 |......]...... 0 0 0 0 0 0 0 0 0 0 
Expt. 303...) 28 Ibs. | 11-24-09 |......|...:.. 0 0 0 0 0 0 0 0 0 0 
Expt. 304...| 30 Ibs. | 11-24-09 |......]...... 0 0 0 0 0 0 0 0 0 0 
Expt. 305...| 49 lbs. | 12- 2-09 | — = 0 0 0 0 0 0 0 0 0 0 
Expt. 306...) 49 lbs. | 12- 2-09 = = = = = _— = | = — — Sonar ees 
Expt. 307...| 48 lbs. | 12- 2-09} — = 0 0 0 0 OF 0 0 0 J----cefeeeese 
i} 
Expt. 308...| 44 Ibs. | 12- 2-09 |} — = 0 0 0 0 0 0 0 Ora daleee ee 
Expt. 309...| 44 Ibs. | 12- 2-09 0 0 0 0 0 0 0 0 0 UM eacdeallcdcides 
Expt. 310...| 36 Ibs. | 12- 2-09 0 0 0 0 0 0 0 0 0 (i), gijenssncicodecc 
Expt. 311...| 55 Ibs. | 12- 2-09 3 4 = = = — = —= = Sh | fehetelo abel] ie tetera 
Expt. 312...| 44 Ibs. | 12- 2-09 | — = 0 0 0 0 0 0 0 Ours leerntalioaee 
Expt. 313...| 46 Ibs. | 12- 2-09 | — — — — — — = = 0 O\t)axcualiveeeste 
Expt. 314...} 50 lbs. | 12- 2-09 | — == 0 0 0 0 0 0 0 On tS Ree 
Expt. 315...| 37 Ibs. | 12- 2-09 0 0 0 0 0 0 0 0 0 (eee eeseegne (etre a 
Expt. 316...| 27 lbs. | 12- 2-09 0 0 0 0 0 0 0 0 0 (tay [Sree eal fees oc 
Expt. 317...| 50 Ibs. | 12-18-09 | — = 0 0 0 0 0 0 0 Ok gilixccazatlleeeete 
Expt. 318...| 51 lbs. | 12-18-09 | — _ _ _ = = = == 0 CRY ete eccic, Se4 
Expt. 319...| 49 Ibs, | 12-18-09 0 0 0 0 0 0 0 0 0 OPA eee Alene 
Expt. 320...| 44 Ibs. | 12-18-09 0 0 0 0 0 0 0 0 0 0) polis ctace'|Recpaees 
Expt. 321...| 42 Ibs. | 12-18-09 | — _ = = 0 0 0 0 0 Oi rience 
Expt. 322...| 53 Ibs. | 12-18-09 | — — = — — = — — 0 UW eeapealigas sae 
Virus 138....| 96 lbs. | 12-31-09 |......]...... + _ — — — = 0 0 0 0 
Virus 138....| 83 Ibs. | 12-11-09 |......|...... + = = = as = 0 0 0 0 
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REACTIONS WITH NORMAL SERA. 


We have already recorded the reactions with the blood of 9 normal 
pigs. Of these, 3 gave a reaction at 1-125, the remaining 6 gave only a 
slight reaction at 1-50. In Table I are recorded the reactions with the 
blood of 32 normal* pigs. Of the 32 samples of normal blood tested, 


6 or 18.75 per cent gave no reaction at a dilution of 1—25. 
6 or 18.75 per cent gave a reaction at a dilution of 1—25. 
0 or 31.25 per cent gave no reaction at a dilution of 1—50. 
3 or 9.375 per cent gave a reaction at a dilution of 1—50. 
5 or 15.625 per cent gave a reaction at a dilution of 1—125. 
2 or 6.25 per cent gave a reaction at a dilution of 1—250. 


i 


In the second column of Table I are given the weights of the pigs at 
the time the sample of blood was drawn. It was fjoound that, in the 
former records, of the three normal pigs whose blood gave a reaction 
at 1-125 that the average weight was 66 lbs., and of the six normal pigs 
whose blood gave a reaction at 1-50 the average weight was 23 lbs. We 
find from a study of Table I that of the 


6 pigs giving no reaction at 1—25 the average weight is 39 lbs. 
6 pigs giving a reaction at 1—25 the average weight is 47 Ibs. 
10 pigs giving no reaction at 1—50 the average weight is 31 lbs. 
3 pigs giving a reaction at 1—50 the average weight is 37 lbs. 
5 pigs giving a reaction at 1—125 the average weight is 63 lbs. 
2 pigs giving a reaction at 1—250 the average weight is 52 Ibs. 


We see in these results a tendency for the agglutinative power of the 
serum to increase with the size or more probably the age of the pig. 
This point cannot be considered determined by the few tests recorded 
here. The results, however, are suggestive. 


REACTIONS WITH THE BLOOD OF PIGS TREATED WITH VIRUS. 


Table Il shows the agglutination reactions with the blood of 56 
pigs inoculated with virus of hog cholera, i. e., with blood drawn 
from a pig showing symptoms and lesions of hog cholera. There is 
also shown a considerable amount of other data included with the 
hope that the interpretation of the agglutination reactions may be 
facilitated. 


*The word ‘“‘normal” is used in the sense that the pig has neither been exposed to hog cholera nor 
subjected to any treatment. 
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Of the 56 samples of virus blood tested, 


7 or 12.5 per cent gave no reaction at a dilution of 1—50. 
4 or 7 1-7 per cent gave a reaction at a dilution of 1—50. 
3 or 5 5-14 per cent gave a reaction at a dilution of 1—100. 
6 or 10 5-7 per cent gave a reaction at a dilution of 1—125. 
12 or 21 3-7 per cent gave a reaction at a dilution of 1—250. 
21 or 37.5 per cent gave a reaction at a dilution of 1—500. 
3 or 5 5-14 per cent gave a reaction at a dilution of 1—800. 


It is readily apparent that the blood of pigs treated with hog cholera 
virus acquires agglutinin for B. cholerae suis considerably in ex- 
cess of that found in normal serum. For, whereas only 614 per cent 
of the samples of normal serum agglutinated at a dilution of 1-250, 
64 2-7 ee cent of the samples of virus blood agglutinated at a dilu- 
tion of 1-250 or above. 

In studying the influence of body weight* upon the agglutinin content 
of the blood. of hog cholera pigs, we ‘get results similar to those re- 
corded under normal serum. 

The average weight of 


7 pigs whose blood did not react at 1—50 is 37 lbs. 
4 pigs whose blood reacted at 1—50 is 63 lbs. 
3 pigs whose blood reacted at 1—100 is 90 lbs. 
6 pigs whose blood reacted at 1—125 is 83 lbs. 
12 pigs whose blood reacted at 1—250 is 55 lbs. 
21 pigs whose blood reacted at 1—500 is 66 lbs. 
3 pigs whose blood reacted at 1—800 is 95 Ibs. 


It must be admitted that the relation between weight and agglutina- 
tive power of serum is only suggested by these figures. We do not 
wish to make any generalization yet. 

The next factor to be considered that may influence the agglutina- 
tive power of the virus blood is the treatment, in other words, the 
amount of infective blood injected into the pig. The following summary 
shows the relation between the quantity of virus injected, the aver- 
age weight of the pigs treated and the average of the agglutination maxi- 
mums. 


Number of pigs. xe Hoop Average weight. selitnation, 
Maio ok Svaohaya fat tel ayo ahs wes odbeus pales we le eGo toca eres eevee She aR ee cones hes INCOR Gree crcieye BUM oss oss 1-197 
AN Grit BES eS CORRS ANSE RES SANEOITS Teh Re ACa ame RISC PC aeinbe pace Obs Sccteecice No reaction, 
Uh dobeBogmpoadoaguca ot waka that deerametepees onrnane ee Se eindeIos DiOGs atesjeraicietrs 66 bS 302 ese 1-288 
ie Ris Reo RON IR am ore a mee era eects Bice ce WO Mbas wicca 1-362 
2 FMR Sere vere lo oetialen del via e eran ian ee cle Rise Ooi RO SR CEO Oets. clenoee Blilbsscncncate 1-500 
1 Be ere tito SCO eT CD Ne CSO CER ICRI CROPT ANT Ch LaaR Ne hs LOCO Hesatciees | NOLS sty react 1-392 


*Which is in a general way equivalent to age in the pigs here considered. 
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This summary shows the tendency toward an increase in agglutina- 
tive power of blood from heavier hogs in addition to demonstrating the 
increased agglutinative power as a result of increased dose of virus. 

It might be supposed, with reason, that the source of the virus used 
for treating the pigs would influence the production of agglutinins 
in the treated pig. It is a point having little force in this connection, 
since all the virus used (except that on Expt. 291) had the same 
source, viz. the “Ames virus.” The only difference in these virus de- 
pends upon the variation in their passage through pigs and in their age. 

In all these cases the sample was secured after the pig died from 
the disease, or was killed. The number of days the pig lived after in- 
jection of the virus seems to bear no constant relation to the agglutina- 
tive power of the pig’s blood serum. Except in those cases where the 
pig died, it may be assumed that the pig was killed at the height of 
the disease. We have no data on the rate of increase of the agglutinin 
after treatment of individual pigs. We learn very little by comparing 
the reaction of the blood of pigs that died with those that were killed. 


REACTIONS WITH THE BLOOD OF PIGS TREATED WITH “MIXED SERUM.” 


Table III shows the data connected with the testing of blood from 
49 pigs treated simultaneously with hog cholera serum and virus. The 
important features of this table in addition to the agglutination re- 
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actions, are the amounts and sources of the ‘Sera and virus injected 
and the results of the treatment. 

As for the agglutination reactions, it will be seen that 

6 or 12.25 per cent gave no reaction at a dilution of 1—50. 

5 or 10.20 per cent reacted at a dilution of 1—50. 

6 or 12.25 per cent reacted at a dilution of 1—100. 

6 or 12.25 per cent reacted at a dilution of 1—125. 

7 or 14.28 per cent reacted at a dilution of 1—250. 

19 or 358.77 per cent reacted at a dilution of 1—500. 


These results correspond quite closely to those secured with virus 
blood. One might be tempted to conclude that the influence of the 
serum could not be detected in the agglutination reactions. It must be 
borne in mind that the average weight of the pigs in Table III is only 
35 lbs. and also that they received only 1 ce. of virus each. Now we 
can make a fairer comparison of the agglutinative power of the blood 
serum of pigs treated with hog cholera virus only, and with hog cholera 
virus and serum simultaneously. The summary on page 417 shows 
that 7 pigs receiving 1 cc. virus each and weighing on an average of 
30 Ibs. reacted at an average dilution of 1-197. The average maximum 
reaction at which agglutination occurred with the blood of 49 pigs 
treated with both serum and virus is 1-262. 

It will be of interest to note the difference in the agglutinative power 
of the blood from the pigs that were protected by the serum and from 
those that died. We have made this difference very readily perceptible 
in the following summary. 


Lived. Died. 
Dilution of serum. | Number | Percent- | Number | Percent- 
of pigs. age. of pigs. age. 
7 (Us dotstetad dna bec Gra Roo Irs pcae aan ecrcOrDe on ora do amine ance! 1 3.6 5 23.8 
TTS Est 0) See ees byt eee in ee ee ere eee eee A eee fe Oe rae 2 if! 3 14.3 
TOO ers sar rai iue sia caus cee shersis: acaveue ai nets ahade enter Mecnnsenvenavey ete genk mt eae ahs: Meetareheteie rs 4 14.3 2 9.5 
Fi 745) GeO IGIGET re Ie SIG CIE ROE ISI on Oran Soran at an nine aiceaner seas opine 4 14.3 | aid 9.5 
ME Z5O i evercrcte aie ereecesexoyd svoleisieusieysporeysiensnste “aterersiettojorapieiers Verena aaserere tata ale MIG Saeens 3 10.7 4 19.1 
NE HOO Maks ne teichek berms cee cod owe eae stoke ates oie ctook Cleaineratosieee: 14 | 50 5 23.8 


A comparatively much larger number of pigs that die fail to show 
any agglutinative power in their serum, while the serum of a compara- 
tively greater number of pigs that live gives a reaction at high dilution. 
In other words, it seems that with resistance or immunity we get in- 
creased agglutinative power; with susceptibility or absence of immun- 
ity, a less or no increase. This is in keeping with the deduction that 
heavier or older pigs (which are well known to be more resistant to 
cholera infection) have blood serum with a higher agglutinin content. 

We can find no relation between the amount of protective serum in- 
jected into the pig and the production of agglutinins in the pig’s blood. 


REACTIONS WITH THE BLOOD OF HYPHERIMMUNIZED PIGS. 


This phase of the subject has received considerable attention. It 
has been our aim to determine the effect of repeated injections of virus 
blood and tail bleedings on the agglutinative power of the blood of 
“serum hogs.” 

We assume that the following factors influence the production of ag- 
glutinins in the body fluids: 
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TABLE VI.—Showing agglutination reactions with blood from serum hog 137. 


Dilution of serum. 400. | 800. 1000. | 2000. 4000. 
; rT cs | ca i 
: Se : : 
Amount of virus A ee Tail or other = 3 = 3 = + = s | = 3 
injected into pig. ais bleeding. = g = z 2 z 3 E = 2 
O00 cases esis: 1H DOE lee  aneseacoactes = _— 0 0 0 0 0 Olt skal 
1BOOICCs acc seek ATE 26=008 sateen eek eater = = 0 0 0 0 0 0 0 0 
PRAT NCR ees ean Be 12-10-09 Nl sRirsti ech ene = = = == = = == = 0 0 
2250 ces seer se)ae 12-17-09 | Second......... + — — — — — — — _— — 
Q55OiCCaaca ese: « 12-24-09 | Third. ........- = : = 0 0 
+ | — | + —-|—]}]— 
+ — = = — = —= — 0 0 
+ — = = = = = = 0 0 
+ — — — — — 0 0 0 0 
SoGblee ne oeaecie 1-28-10 | Killed......... + — — — _— —_ — — — _— 
Miedsseruntoaaic| eee ceti cell ence ree cles acre 35 Seat ae = = = = = = a 


TABLE VII.—Showing agglutination reactions with blood from serum hog 139. 


Dilution of serum. 400. 800. 1000. 2000. 4000. 
aw : ae | : : 
eee E E pai ee E 
Amount of virus Stee Tail or other 3 =f 3 a3 Sls 3 «f 3 = 
non P -- | drawing - aI =I A = Sl as aI | & | 
injected into pig. sample. bleeding. = 2 s 2 =a 3 | g 3 2 
&) sS 60 ss &0 | s ep Ss &0 aS 
| lasemeieren alee vex tee cas liane |r necane ieee 
| | 
DOGUICR As ioe T= 24209) | oe. See oaie te = = 0 0 OinnO 0 (OP Necrosa soso ct 
OOO ICO Se ritscerr. 1Z—A-O9))|| Pirsts. <2 6 ~ =e — = || = == = = 0 Oy <i:28es. lee as 
DOOOICES iss. 12- 8-09 | Second......... i = =} OIG 0 0 (hei eencec |stats 
PLT De cece 12-15 - O98 Minindeeeecae ae — — } = _ — = | = = — — 
DB00NCCS sae anenee 12-22-09 | Fourth......... + = = = = 0 0 0 0 
ZEON CE eee 12-29-09) | pHitthieece eee sees | = = a 0 0 0 0 0 0 
Pa IG eee Hee 1- 5-10 | Killed.......... = = 0 0 0 0 
Mirxedesertim' 49). fy). crayon | Savas «-ciecccioreiana + = = 0 0 


TABLE VIII.—Showing agglutination reactions with blood from serum hog 140. 


Dilution of serum. 400. 800. 1000. 2000. 4000. 
—se = | ae — 
aS E 5 E E 4 

Amount of virus ae Tail or other 3 “5 = Bs 3 xe 3 as = 38 

a : A drawing : n= =I A = s =| a= = & =| 

injected into pig. sample, bleeding. = g 2 E 5 z = g = P 
W277 Ome orien 1O=16-098| Rirsts a saree cece celine cciete linet s+ — = = == — = 0 0 
D420 COe Ns Saeclee: 10-23-09) | Second oiesea-celese eoelias ace — o— = = 0 0 0 0 
142000. Societe 10-30-09 Dir es oe so cil aversrell aie cter> = — = = 0 0 0 0 
1420 CORE Sarat 3- $1= 16209 | Kalled sy fccccrae|imoe cite terse _ = = = 0 0 0 0 
Mixediserumvag:. sclerosis smite caters deanencas — = = ra 0 0 0 0 0 0 
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TABLE IX.—Showing agglutination reactions with blood from serum hog 141. 


Dilution of serum. 400. 800. 1000. 2000. 4000. 8000. 
— = 7 7 =a ae = 
g | ge | d g a 
Amount of | Date of | Tail or 3 : 3 Az 3 | 5 3 : 3 : 3 : 
Virus injected| drawing | other | (& = a= = a= ig & = & = 5 *= 
into pig. | sample. |bleeding.) = 5 S| 2 s 5g = g = FI = = 
Bp a a ee et) Te ree | ee Nees ey rete 
(ee em lh <a |) 
| ‘ { t —_—_- —_ 
1460 ce 10-16-09 | First..-|..:... | ee ats: =F SF SF 2 5 = = = == = 
1660iccs. 2.22 10-23-09 | Second.|......].....: at =F 35 + + + = = = — 
1660icer...--| 10-30-09) hirds 2|a5-. 2)... a a 33 + 2 a5 = = = — 
1660 ee. 1116-098 | alled sce. lle vee ae SF a aig sk a5 = = 0 0 
Mixed serum 
cine uae Pa coakem mal aso ar + =e ae = = = = = = ead pad 


TABLE X.—Showing agglutination reactions with blood from serum hog 144. 


Dilution of serum. 400. 800. 1000. Se 2000. | 00 8000. 
2 < | e 3 £ 2 
: ° 3 S iS) 3 S 
Amount of | Date of | Tailor | & ‘ = : 3S : s d eS = : = : 
virus injected; drawing | other | (5 = =| r= iS =| & q & i= a = 
into pig. sample. |bleeding.} = a = 5g = 5 = 5 5) B = = 
50 as! 50 Es! 50 as] "eo Es) “eo s “Bo Gs: 
a ieee Veet gf eh i eel eee ee ie S| ea ee 
O0l¢e: =. 2-| 12-22-09 |... 0 0 0 | 0 0 0 0 | 0 0 ON ol ait eee 
ZOOICC, ae L—vO-O9 hiner ee 0 0 0 0 0 0 O- | © 0 Oe ce roeralpeeetee 
940\ce....55-)| 12-17-09 |... 2... + + + + = = = = — SMa Mem sooilcoo. c 
1790 ce... 12-30-09 | First...} + | + | — | — | — | — | — | — } — J] = fey. 
1790 ce......! 1- 6-10} Second.| + + == = 0 Oi see eee 
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TABLE XI.—Showing agglutination reactions with blood from serum hog 143 
Dilution of serum. 400. | 800. 1000. | 2000 4000 | 8000. 
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TABLE XX.—Showing agglutination reactions with blood from serum hog 155. 
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blood from serum hog 157. 
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1. The nature of the substance or agglutinogen introduced into the 


2. The amount of agglutinogen introduced. 

5. The number of injections and the length of time required to in- 
troduce the total amount of agglutinogen. 

4. The method of introducing the agglutinogen. 

5. Idiosynerasy or individual variation in the body receiving the 
agglutinogen. 

There may be many other influencing factors. The agglutination 
titer of any sample of blood serum depends to a great extent upon the 
time it is drawn relative to the time of treatment of the animal. Other 
factors influence the agglutinative power of a sample of serum after 
it is drawn, such as age, temperature and light. These can be easily 
controlled. 

Of the factors above enumerated which influence the production of 
agglutinins in the body the first four are subject to control, the individual 
variation in animals only, being beyond our control. As an illustra- 
tion of this last point we may say that if we take two pigs of the 
same sex and litter and as nearly alike as conceivable and subject these 
pigs to identical treatment in so far as factors 1, 2, 3, and 4 are con- 
cerned, we may not get identical results when we test samples of their 
blood for agglutinative power. 

The 19 pigs furnishing the basis of the work outlined in Tables TV 
to XXII varied greatly in weight, breeding and other characteristics. We 
could not expect them to respond identically to identical treatment 
even were there no question of idiosyncrasy. As a matter of fact, the 
treatment of these pigs has been variable both as regards factors, 1, 2, 
5 and 4 (considered above) and as regards withdrawal of blood for 
agglutination tests or other purposes. A comparison of the results 
secured from a study of Tables IV to XXIII is, therefore, very diffi- 
cult. 

There is a considerable variation in the maximum dilutions at which 
agglutination occurred. 

Of the 19 cases studied, 


1 or 5.26 per cent gave a maximum reaction at 1—2,000. 
7 or 36.85 per cent gave a maximum reaction at 1—4,000. 
1 or 5.26 per cent gave a maximum reaction at 1—8,000. 
2 or 10.52 per cent gave a maximum reaction at 1—12,500. 
1 or 5.26 per cent gave a maximum reaction at 1—25,000. 
7 or 36.85 per cent gave a reaction at 1—50,000. 


It is apparent that a little less than half of the maximum reactions 
are at one extreme, 200 to 4,000; and a little less than half at the 
other extreme, 25,000 to 50,000, with a few cases between these ex- 
tremes. 

A study of one case will illustrate what might be called a typical 
response to several influencing factors, such as increasing the total 
of virus injected and repeated bleedings. 

Serum hog 145 (Table XIII) wt. 56 lbs., July 17, 1909, received 30 
ce. mixed serum, 30, and 1 cc. virus 107. The weight increased to 150 
Ibs. during the following treatment: 
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| 


| 
Maximum | 


Date of test. | vr nected | gene arias mee | Bleeding. 
| occurred. 
| | 
ROO aia ots in vias: cte Sinks 2 ctora ee sche ie ee Seale SME ares RPS | 50 ce. 1-400 | Sce. from tail. 
PS O90 os alc seer nls oncbje mene ew eise Susminee Asens sobs dee ctaens 250 cc, 1-400 | 5 ce. from tail. 
12 SOG E22 ce See seal acces cris ce ets neloame dee ads aol ess blere ats 725 ee. 1-1000 | Sce. from tail. 
PISO Mee aerate Asso dtte oe aici acke noice s Penne Pa cheraisreteT Aci S stereos 1175 ce. 1-4000 | 5cce. from tail. 
DOs ees acichs ricco tana: esas ve see eacwuse twa tenets 1175 ce. 1-4000 First tail. 
BO 2d OG enix cave siciare ois Sis: sie ave\sl aise, Sisrvieie. oo: stsis anie sini sie ojeiave ie sisin abiayes 1750 ce. 1-4000 | Second tail. 
(SGI) Sl ae, Se te Oe a Re ee ee a | 1750 ce. | 1-4000 | Third tail. 
PLO ie ties Mere coat a cus miesjerns tins waa cease cnicn sane tigi a | 1750 ce. 1-2000 Fourth tail. 
EN oe cetes ene, le ote ate cies ol a) es afdicale a, xierdie aeteia siya vieiaie w ectreicteeeieie sus 2050 ce. 1-50,000 | Fifth tail. 
ADEN Mee ake bis ohhis = wee sw sao oe HE RE eS ce spe tie ee eis sore 2050 ce, 1-25,000 | Killed. 
TESS L scec ieee ecaeneneeepacc Dacor crendercrocrnes eee 2050 ee. 1-12,500 | Mixed 1—6. 


A total injection of 50 cc. caused a reaction at 1-400; an increase of 200 
ce. produces no change. A total of 725 cc. gives a reaction at 1-1,000, 
while a total of 1175 cc. results in a reaction at 1-4000 which is main- 
tained until the first bleeding. An increase of 575 ce. produces no 
change in the agglutinative reaction for the second and third bleedings 
and results in a fall to 1-2000 at the fourth bleeding. Another injection 
of 300 cc. brings the reaction up to 1-50,000 but at the last bleeding it 
falls to 1-25,000. The reaction produced by a mixture of the different 
bleedings is about an average of the reactions for all. 

The increase in virus injected seems to result in an increase (not 
necessarily pari passu) in the agglutinin content of the serum. The 
withdrawal of a considerable amount of blood tends to produce a de- 
crease in the agglutinin content which may or may not be offset by 
virus injections. It is true that the response is very irregular as can be 
seen by studying the tables. 

It is not maintained that it is the blood injected or the ultravisible 
virus that stimulates the production of agglutinins but the B. cholerae 
suis in the blood. In other words we assume that it is the number of B. 
cholerae suis in a quantity of virus and not the volume that affects the 
agglutinin production in the treated pig. 

Unfortunately we were not in a position to make bacterial counts 
of any great number of samples of virus. We have not found above 
10,000 bacteria per cc. in fresh virus. If all these organisms were 
B. cholerae suis the total number in 3,000 cc. of virus would be 30,000,- 
000. We have estimated (by a number of platings) that 1 cc. of a 24 
hour bouillon culture of B. cholerae suis contains about 500,000,000 
bacteria. We have not used so much as 3,000 cc. of virus on any of 
the 19 cases studied, therefore we have probably not injected more 
B. cholerae swis than would be found in .10 ce. of a 24 hour bouillon 
culture. 

In one case we found that the injection of 10 ec. of a 24 hour bouillon 
culture of B. cholerae suis “virus 136” resulted in a serum giving a 
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maximum reaction at 1-500. In another case after an injection of 
450 cc. of bouillon cultures 15 to 20 hours old mixed with 915 cc. nor- 
mal pig blood an agglutination reaction was secured at a maximum 
of 1-25,000. In this case we probably introduced approximately 225 
billions of living B. cholerae suis or about 7,500 times as many as in- 
jected into any of the seven cases, (in Tables IV to XXIII) that re- 
acted at 1-50,000. 

It is our belief that the number of B. cholerae swis increases greatly 
locally in the tissues of the injected pig, thus furnishing the agglutin- 
ogen in great amount. This belief is strengthened by the almost 
constant presence of the so-called B. cholerae suis abscesses in serum 
hogs treated intramuscularly. 


AGGLUTINATION REACTIONS WITH MIXED SERA. 


The term “mixed serum” in this paper is applied to a mixture of 
all the bleedings from one serum hog. Table X XIII shows the agglutina- 
tion reactions with 51 samples of mixed sera. These tests were made 
at a variable length of time after drawing the blood and mixing it. 
Table XXIV shows retests with 25 of these samples and with a mix- 
ture of several others (m. s. 56). 

Excepting the mixed sera and the four samples in Table IV, all the 
tests have been made with fresh serum separated from the corpuscles 
in defibrinated blood, without the addition of a preservative. All the 
samples in Tables XXIII and XXIV were defibrinated blood preserved 
in .5 per cent. phenol (10 cc. 5 per cent. phenol to 90 cc. defibrinated 
blood) except mixed serum 54a which was preserved by the addition 
of .5 cc. trikresol to 99.5 ce. defibrinated blood. The mixed sera were 
kept in cold storage at 6°-15° C. 

Table XXIII shows that out of 51 mixed sera tested, 


or 5.88 per cent did not agglutinate at 1—400. 
or 5.88 per cent agglutinated at 1—400. 

or 5.88 per cent agglutinated at 1—800. 

or 3.92 per cent agglutinated at 1—1,000. 

or 19.60 per cent agglutinated at 1—2,000. 

r 23.52 per cent agglutinated at 1—4,000. 

or 1.96 per cent agglutinated at 1—5,000. 

or 7.84 per cent agglutinated at 1—8,000. 

or 11.76 per cent agglutinated at 1—12,000. 

or 13.72 per cent agglutinated at 1—50,000. 


pe 
AMPH DON WWCD 
° 
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The object in the retests was to determine to what extent diminu- 
tion in agglutinins or agglutinative power takes place with age. It was 
thought that perhaps we might be able to throw some light upon the 
subject of diminution or weakening of antibodies in general, including 
the protective substances against hog cholera. We do not possess the 
records of any extensive biological tests that show how long the Dor- 
set-Niles serum retains its potency. 
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In Table XXV there are found in parallel columns the results of 
the tests and subsequent retests of 25 mixed sera. Tables XXIII and 
XXIV show the dates of the respective tests and retests. It is seen 
that the retests were made 6-8 months after the first tests. 

The retests show 


In 7 cases no change in agglutinative power. 
In 4 cases a 25 per cent decrease. 

In 3 cases a 50 per cent decrease. 

In 1 case a 68 per cent decrease. 

In 5 cases a 75 per cent decrease. 

In 1 case a 80 per cent decrease. 

In 4 cases an apparent increase. 


Any increase is probably only apparent. In case of mixed serum 
30 the first test failed to establish a maximum showing only that it was 
less than 400. The first test with mixed serum 3L probably did not 
establish a maximum since no test was made between 400 and 800. The 
same is true with mixed sera 37 and 44 when no attempt was made 
to get a reaction above 1-12,000. 

We have not found that the presence of carbolic acid, trikresol 
or formalin has any depressing effect upon either the agglutinative 
power or potency of hog cholera serum. 


AGGLUTINATIVE POWER AND POTENCY. 


The question as to whether we can turn the agglutination test to 
account in measuring the potency of serum is answered in Table XXV. 
It must be confessed that the answer is not very definite. Table XXV 
shows the agglutinative power of the sera and the results of the bio- 
logical tests. There are given the different amounts of serum used, 
the weight of the pigs employed and the results. In all cases the serum 
was tested against 1 cc. of virulent hog cholera blood. The virulence 
of the blood was always determined by the use of check pigs corre- 
sponding in weight, thrift and origin to the test pigs. 

It would be possible to pick out a number of cases of mixed sera that 
showed low agglutinative power and low potency, and it would be 
easy to pick out cases showing a high agglutinative power and high 
potency. If we could arrange all the cases under these two headings 
the matter would be answered very satisfactorily but we can find cases 
of low agglutinative power and high potency and those showing high 
agglutinative power and low potency. 
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TABLE XXIV.—Showing Agglutination retests 
Dilution of serum. 50. | 100. 125. 200. 250. 400. 500. 800. 
oedem ows 8 3 8 3 3 3 g 
pproxima ~~ 5 a J ~~ 5 ~~ : we) 4 3S E we) é cS ‘ 
No. of serum. pe age of a r= a r= a r= a r= a r= a r= a a ‘alee 
| serum, 1S ee S| aS 1B eel Bole a eels ee eae 
ow | bw | wis wo | a wm) os wm ls w | bo | 
q/a|/<|a|<|4|4|4/ 4/4/24) 4|<4| a) <4) a 
Mixed serum 15.) 7-17-10 | 1 yr., 8 mos.|.... = |= 0;0!;0)]0 
Mixed serum 17.| 7-17-10 | lyr., 7 mos.|.... —|— —|—|—|— 
Mixed serum 18.| 7-17-10 | lyr., 6 mos.).... -— —}—);-]— 
Wool ql Ze) I absiaen 2 ne Hleooollscoollaccallagodliaaaciicooallseocliedouilecce “fora te—=" loreal lecorers 
Noreslechinn CRE SA iba pe not |Gone\locool|sbod||acoolloseo|laccullaanollasoallacne = | = |oonollsace 
Mixed serum 30.] 7-17-10 | lyear..... == ||) =|) |) = |] = | = Noone |—|— OOM eee 
Mixed serum 31.|} 7-17-10 | lyear..... Sy So) SS adallsc cell S|) SS" acnclloccol) = | — aaccleos 
Mixediserumysor| ¢—ld—lOn! Olmonthige. lcs oe silica) lersrere| leet stet|eraaste So || ee | 
Mixedtserumiss | .¢-17—10)0 |e O:monthige «ain ll yrs =|| 2. oerel| creel orotete|he rel cetera «1 -i|lee cea leer: 45 = 
Mixed serum 39.} 7-17-10 | 9 months...|....|....]....]...-]...-|..-- +}]—].. =| | = Pre 
Mibarel acme A Vb || Wintel alleocdllosdolloosallsoon|landollocnullbocelleonslacoc +j— 
iiiealronaniné Hall ee al) Osn@ndichocllorre||sdacllasoolloacclitoocl>ccalleonallasoolltaac +/— 
Weel Kanne Ds || VW) | Vinmrdpoellooncllascollacacllasonlocoslloanclacoalltoonllonaciloosolloar- ar |= 
Wibwrolig@aitin ey (cll yer7a (DA Open Woolloooe local baaalldoarilopoollgoad||gonolloueallasaclloscalisasellsooallassallensellasosilaccc 
With @aleermn “LN AO PAST) |! Oieadies ollooaallecsal|laooc|looadlesdolloausllaocslleaccllannelloncdllecacilscasllooaclloonollesas 
Niko leG ye osel! FES | “inet oollgooollocoallonoalloouallbonallacsellpooalleobellacer Baral nericl Meena tae aes 
Mixediserum 48).| (7—22—10) 1G month sey allo ere ve1| |e to2=|| ie evel] terevare lle ereke | ofetel='llcveretelllere e clliotereie sbycllixcata latte leei@allomioa hese eee 
WirelEGanini2O).|| 72P SN) || Giants 6llbacallsonalleoselleccolloosallacocllodnallosaniionaelloooal) = —= —|—- 
Mixed serum 50.| 7-22-10 | 6 months...|....|....]....]...-|...-].--- +/+ —|/—|—-|— 
Mixed serum 51.| 7-22-10 | 6 months...|....|....)....)..--]-.--].-00] 00s W etyeilleerscn|l seine eee eedlhe tered | pesicrel | tere lets | eee 
Mixediserum/ 52) 7-22-10 |soimonthssen tere oer|keeelecasleene| seeciioces I Steele cars| aracetll oe -— | = 
Mixed serum 53.} 7-22-10 | 6 months...|....|....]..../....]...- — | — — || — 
Mixed! serum.55.| 7-22-10 | 4.months...|....|.-..|...-|.-..|...-|.--- Mee sonal coalesce core|| Se |! 
Mixediserum 56*|- 7-22-10) || Viyearste so. evsiele lie: 1e'|/e crcre:l ane «| reresel| oo ots —|— —|—|—|—}.... 
Mixed serum 54.| 8-10-10 | 6 months...|....|....|....|...-|...-|..-- qe | = | = | || = 
Mixed serum 54a] 8-10-10 | 6 months...|....]....)....]....|...-|..-- — ce ene 
| 


*M. S. 56 is a mixture of m. sera 25, 32, 33 and 34 q. v. in table. 
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The following are cases in point: 


LOW AGGLUTINATIVE POWER, LOW POTENCY. 


Serum. peeaes Potency. 
| 
Mixed peri! Qsicame Sore at ar osteo aee-cis oa nate ree me ee eee ee eS Below 1-400 | 30 cc. did not protect. 
Mixed teers) Qo tee jee cto os ae tee = apals ea ote en Ie rs ee ne 1-400 | 25 ce. did not protect. 
Mixed serum 20s c.5s cas 7eycts:ela « ciotere ayes slo ea ssa ces miaetasie ate Selo eles oth serait | 1-400 | 25 ce. did not protect. 
Maxed serum zeae rec ne eee FER ee Ee a oe re ne Ee Below 1-400 25 ce. did not protect. 


HIGH AGGLUTINATIVE POWER, HIGH POTENCY. 


Agglutinative 


Serum. poner Poteney. 
Maxed "mer tnmt 48 ects cio ee sere eee oe ae te Ny Pe eel 1-50, 000 | 10 ce. protects. 
IMEX eds Ser tiTn 5 disks soars ce So es STO a SIS SA Ss nL SNS | 1-50, 000 | 15 cc. protects. 
Mixed perum5S ook ech wh a Rea Re Ee ee ee ee | 1-50,000 | 10 ce. protects. 
Mas CRF SerUTEl sO Mee te tere oe ie roe etn ot See ester ear ns ea chcrs 1-50, 000 | 10 ce. protects. 


Maxed eSertlTT GO Soe aes Ree ie ie Oe ere eee eae ease ee Se each No een Meee eee 1-50, 000 | 10 ce. protects. 


A conclusion based upon the above data would be misleading in 
that it would affirm the value of the agglutination test in determining 
the potency of the Dorset-Niles serum. 

The following cases illustrate the possibility ef error in estimating 
potency by agglutinative power: 


LOW AGGLUTINATIVE POWER, HIGH POTENCY. 


Agglutinative 


Serum. power! Potency. 
| 
| 
ITE CCLCRED UTI Cs esters cee EP re va oe ee ee eee Rn re RTE as 1-800 10 ec. protects. 
} 
MISO SETUTIN ISU ek it ee eee ee ae OO OP Se Oe Ee | Below 1-400 | 20 ce. protects. 
| 
Miserlapernmpol: cicero actrees scien Ae ee ae oe iat nae ECan eee 1-500 15 cc. protects. 
Bex ecient (46M eeiccrs teveiccc se ee cl Op a mae ee, ee En ak ey a | 1-400 5 ce. protects. 
HIGH AGGLUTINATIVE POWER, LOW POTENCY. 
Sect | Agglutinative Power 
= : power. a 
Mixed (eertmi2o eae ote os nis as SEER ete toi cio tehe ee ee iE eae ae ee oe 1-4000 | 15 ce. did not protect. 
EES CECT 8 Se en a es EP ER ee eRe oe eee: Aer eee Me ee ME 1-4000 | 15 cc. did not protect. 
Mixed! Sertin G4! cc x6 58%, ve thee ce ae, 5 eee eee Ea Bes Brees CO ae ee 1-2000 | 15 ce. did not protect. 
Mixedinerom 51.3.2. Mse sonic 2S eicle ole + bleaisicls tcias'alo. = aiereletnte oh temiet ais eas amera eects 1-12000 | 20 ce. did not protect. 
Mixed sernm (56%: «:<'s cic cass Se a'es Sonne oa eae sets ON ve cae aa mmont tee are ct aemers 1-2000 | 20 ce. did not protect. 
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On the whole, however, it is to be observed that a serum having a 
high agglutinative power can be expected to have a higher potency 
than a serum with low agglutinative power. By potency we mean that 
the serum was able to protect a small pig against 1 cc. of virulent 
hog cholera blood in doses not larger than usually recommended by 
those engaged in serum production. 

It may be well to arrange the mixed sera according to their agglutina- 
tive power and potency. 

Of those agglutinating at 


1—50,000....... 5 or 100 per cent were potent. 
1 12;000- = <=. - 5 or 834 per cent were potent. 

1 or 162 per cent was not potent, 
ese il Usge age as 4 or 100 per cent were potent. 
15 OOON. 4 aes cc. 1 or -100 per cent was potent. 
14 000.2 2c... 7 or 77 7-9 per cent were potent. 

2 or 22 2-9 per cent were not potent. 
2; O00 ee ier 8 or 80 per cent were potent. 

2 or 20 per cent were not potent. 
ye 1 or 50 per cent was potent. 

1 or 50 per cent was not potent. 
TP —S00 aces « 1 or 50 per cent was potent. 

1 or 50 per cent was not potent. 
AO O} aieregae ces 2 or 50 per cent were potent. 

2 or 50 per cent were not potent. 
ESS Gna eeiey- 1 or 33 1-3 per cent was potent. 
1400) (atom cvaters 2 or 66 2-3 per cent were not potent. 


Of all the mixed sera agglutinating at a dilution of 1-2,000 or above 


85.71 per cent were potent. 
14.28 per cent were not potent. 


Of all the mixed sera agglutinating at a dilution of 1-1,000 or less, 


45.45 per cent were potent. 
54.54 per cent were not potent. 


A very potent serum, such as mixed serum 46 requires only 5 ce. 
to protect a 36 lb. pig, yet agglutinates at only 1-400. Mixed serum 
57 agglutinating at 1-50,000 requires that 15 cc. shall be injected to 
protect a 22 lb. pig. 

After studying the matter very carefully, we have come to the con- 
clusion that the biological test (using small pigs) is very uncertain. 
Our experience shows that potency may be indicated if pigs weighing 
75 to 100 Ibs. be used, while lack of potency may be indicated by the 
use of pigs just weaned. The involvement of ascarides, lung worms 
and unfavorable climatic or dietary conditions tend to make serum- 
testing on small pigs very unsatisfactory. 

Potency as indicated by our biological tests is only a relative and 
more or less uncertain matter. Therefore, when we try to compare the 
results of an easily controlled in vitro test such as the agglutination 
reaction with a very elastic standard of in vivo testing confusion is sure 
to ensue. Moreover, we have to admit at the outset that we are dealing 
with an unknown quantity when we try to introduce B. cholerae swis 
into the subject of potency of serum. We have not yet found an answer 
to the all important question: “What has B. cholerae suis to do with 
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hog cholera?” Our work furnishes an answer that should serve to 
keep the subject still in the field for discussion. B. cholerae swis has 
a great deal to do with hog cholera and serum production but what 
and how important its connection is we cannot say. 

Dammann and Stedefeder* have recently published the results of a 
series of researches carried on at the veterinary college at Hanover. 
They produced hog cholera with filtrates of blood and diseased organs 
of hog cholera pigs. From one outbreak they isolated an organism 
showing the morphological and most of the cultural and_ biological 
characters of B. cholerae suis. This organism they designated B. 
suipestifer, Voldagsen. They were not able to produce hog cholera by 
use of filtrates from pigs in this outbreak. Cultures of B. suipestifer, 
Voldagsen, fed in large doses produced a septicaemia and death in a 
few days; fed in small doses it produced a more marked diphtheritic 
enteritis. The culture injected could be recovered in all cases. Fatal 
results followed subcutaneous or intravenous injection of their Bb. 
suipestifer. They likewise succeeded in producing hog cholera (or a 
disease resembling it) by cohabitation of healthy swine with pigs 
infected artificially with B. swipestifer, Voldagsen, or with pigs natur- 
ally infected in the Voldagsen outbreak. 

Their agglutination tests and biological tests indicate that B. suipes- 
tifer, Uhlenhuth, is closely related to B. paratyphi B, and that B. 
suipestifer, Voldagsen, is a distinct specific organism having high 
virulence and producing an epizootic swine disease answering to the 
descriptions of hog cholera. 

They believe that there is sufficient difference in the pathology of 
the lesions to permit of distinguishing bacillary hog cholera from that 
produced by the ultravisible virus. 


SUMMARY. 


GENERAL. 


B. cholerae swis is an easily isolated organism in a great many cases 
of hog cholera. Possibly it is present in all cases. 

A living virus capable of producing hog cholera passes through the 
Chamberland filters that keep back any form of B. cholerae suis or other 
organisms capable of multiplying in vitro to the extent of being sus- 
ceptible of demonstration. 

B. cholerae suis is capable of producing a disease in pigs quite similar 
to natural hog cholera and to the disease produced by the filterable 
virus. 

The protection offered by the Dorset-Niles serum against the filter- 
able virus may also extend to virulent cultures of B. cholerae suis. 
Whether it is necessary to protect against B. cholerae swis in practice 
is not determined. 

The relation of B. cholerae suis to the filterable virus or to natural 
outbreaks of hog cholera is not determined by our work or to our 
satisfaction by the researches of others. 
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AGGLUTINATION. 


The blood of normal (untreated pigs) may agglutinate virulent cult- 
ures of B. cholerae suis in dilutions as high as 1-250, usually less. The 
blood of young pigs contains less agglutinin as a rule than that of old 
pigs. 

The blood of pigs having hog cholera as a result of virus inoculation 
may agglutinate B. cholerae suis in dilution as high as 1-800 but usually 
at a less dilution. Here again age is a factor in that old pigs develop 
more agglutinin than young ones. (Old pigs are likewise more resist- 
ant to hog cholera infection.) 

The blood of pigs treated by the serum-simultaneous method may 
agglutinate B. cholerae suis in dilutions as high as 1-500. 

The agglutination reaction seems to be one of immunity not of in- 
fection, at least, agglutinins develop in connection with immunity but 
perhaps not as a factor in the condition of immunity. This deduction 
is based upon the observation that a large percentage of pigs treated 
by the serum-simultaneous method show a low agglutinative power in 
the event of death, while of those that live 50 per cent. show the high- 
est agglutinative power. 

During the process of hyperimmunization, the agglutinin content of 
a pig’s serum. increases as a rule as the amount injected increases, and 
may fall during the tail bleedings unless more virus be injected. 

If the agglutinogen in the virus is B. cholerae suis then the quantity 
of agglutinogen (number of B. cholerac suis) injected into a large 
serum hog during the whole process of hyperimmunization would 
ordinarily (if only freshly drawn virus is used) be less than would 
be contained in .10 ce. of a 24-hour bouillon culture of B. cholerae suis. 

The injection of a number of B. cholerae suis, in bouillon culture, 
equal to that found in the total quantity of virus sufficient to hyperim- 
munize a large pig fails to stimulate the production of agglutinin to 
such an extent as is the case when the virus is injected. 

Over one-third of the cases of serum hogs studied furnish a serum 
agglutinating at a dilution of 1-50,000. 

The Dorset-Niles serum retains its agglutinative power for several 
days, almost unimpaired, when preserved in .5 per cent. carbolic acid, 
trikresol or formalin. The agglutinative power of a serum may dimin- 
ish 50 per cent., more or less, after a period of 6 to 8 months. 

The potency of the Dorset-Niles serum, the biological test being 
the standard, cannot be measured uniformly by its agglutinative power 
for B. cholerae suis. However, the biological test with pigs is a varia- 
ble standard. 

Sera of high agglutinative power, i. e., reacting at 1-2,000 or above, 
were potent in 85.71 per cent. of cases and not potent in 14.28 per 
cent.; sera of low agglutinative power, i. e., reacting at 1-1,000 or less, 
were potent in 45.45 per cent. of cases and not potent in 54.54 per cent. 

The agglutinability of the different cultures used by us indicates that 
they belong to the same strain. They were isolated from the spleen 


Note.—The maximum agglutination titer for pigs treated by the serum-simultaneous method is 
less than for pigs treated with virus only. This is because the former were all young pigs while 
the latter were mostly old. Comparing pigs of nearly equal size, those receiving 1 c. c. of virus 
only showed an average agglutinative power of 1-197, while those receiving 1 c. c. of virus and 
the Dorset-Niles serum showed an average agglutinative power of 1-262. 


442 ' STATE BOARD OF AGRICULTURE. 


of virus pigs treated by virus having a common origin. We therefore 
believe that these cultures originated, in the original virus and not in 
an alleged normal habitat in the pig’s intestine. 


CONCLUSION. 


We believe that the relation of B. cholerae suis to the porcine organ- 
ism and to the filterable virus, and all the interrelation of these three 
factors in the production of a swine disease should be settled. <A 
scientific understanding of hog cholera is impossible without this solu- 
tion. The economic problems involved in the production of the Dorset- 
Niles serum or any other biological therapeutic agent for hog cholera, 
and the sanitary police control and eradication of this disease demand 
ite 

The writer is not interested in a controversy over the merits of the 
different claims as to the etiologic significance of a non-cultivable, 
virus or a microscopic, cultivable virus for hog cholera. It is only 
wished that the matter may be placed beyond the stage of controversy. 
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THE FERMENTING CAPACITY OF THE AVERAGE SINGLE CELL 
OF BACTERIUM LACTIS ACIDI. 


Technical Bulletin No. 9. 


BY OTTO RAHN. 
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INTRODUCTION. 


Under “fermenting capacity of the average single cell” is understood 
the amount of products formed by an average cell of a certain species 
of microérganisms in one hour. This factor can be estimated in cer- 
tain cases with a fair degree of accuracy, and it is the object of this 
paper to show how this can be done and how it is a valuable, perhaps 
even a necessary factor for the understanding of certain problems of 
fermentation. It will naturally be of ne value to the manufacturer of 
fermentation products who considers microérganisms simply as the cheap- 
est means of obtaining the desired products. But it may contribute to the 
understanding of fermentation processes, since it enables us to estimate 
the fermenting power of the individual cell, independent of its multi- 
plication. The desire of microbiologists to know how much ofa certain 
product is formed by one cell in a certain time is not unreasonable. 
Rubner,* in his studies concerning the energy requirements of bacteria, 
says: “It would seem to us inconceivable that anybody would study 
the consumption of foods or the formation of metabolic products by 
two species of animals without ascertaining how many individuals of 
each species are present and how much body weight they represent. If, 
therefore, metabolic experiments are supposed to have any real value, 
they must be connected with some kind of determination of the final 
crop of microérganisms.” 

If bacteriologists do not record the amount of living matter enter- 
ing into reaction, it is simply because this seems impossible, on account 
of the minuteness of organisms and because of the continuous change 


* Archiv f. Hygiene Bd. 48 (1904) p. 284. 
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in number. But it only seems impossible; by a mathematical caleula- 
tion, the fermenting capacity of the average single cell can be computed. 

The value of determining the fermenting capacity lies in the differ- 
entiation of the two main microbial activities: multiplication and fer- 
mentation. The amount of acid or alcohol or toxin formed by a cul- 
ture is the result of many cells. We do not know the number that 
entered into reaction, and even the counting of bacteria would not add 
much to our knowledge since the number of cells is changing continu- 
ously from the time of inoculation. For practical work, the distinction 
between growth and fermentation per cell is not necessary, but for some 
questions of physiological significance it is necessary. For instance, it 
has never been demonstrated whether the optimum temperature for 
cell growth and the optimum temperature for fermentation are the 
same. This question may even be of some practical value. It can be 
decided only by determining the fermentation per cell, eliminating the 
multiplication. In order to determine whether toxins or any other 
compounds are direct or indirect products of metabolism, it remains to 
be determined whether or not there is a direct parallelism between 
growth and toxin formation. This can be done accurately by computing 
the fermenting capacity. If a certain substance stimulates fermentation, 
it is valuable to know whether this stimulation is due to an increased 
number of cells, to a faster fermentation of each individual cell, or to an 
increase in both fermenting and multiplying power. Many other simi- 
lar problems could be mentioned where the fermenting capacity of the 
single cell would be very helpful. 

The necessity of the distinction between fermentation and multiplica- 
tion has already been mentioned and demonstrated by Duclaux (Traité 
de Microbiologie, Tome 4, 1901, p. 328). 

“Imagine that we inoculate into equal portions of a medium equal 
quantities of different lactic bacteria, all other conditions being exactly 
alike. If we determine, by some means or other, the amount of acid 
produced in 24 or 48 hours, these results evidently would be taken as 
a measure of the “activity” of different lactics under the same condi- 
tions. It is well understood that the “activity” as defined above de- 
pends upon the given conditions, and that the ereaulens under study 
might range in different order, if one of these factors, e. g., the tempera- 
ture, were changed. The activity, in the above sense, depends upon 
the amount of inoculation, and although this is no specific character, 
it must be known. 

However, very seldom is it determined. Usually, the practice of com- 
parison has been to introduce into the flasks not the same quantity of 
fully developed bacteria, but the same amount of inoculating material 
which has to multiply first before beginning to act, thus the result is 
a superposition of two factors which do not follow the same law: 1. 
The power of multiplication. 2. The fermenting activity of the or 
ganism. In order to measure the activity alone, the multiplication has 
to be nil or very insignificant. This can be accomplished, or nearly so, 
by inoculating with about as many cells as are found in the same vol- 
ume of rapidly fermenting liquid.” 

“Activity” in the sense of Duclaux is the same as the suggested “fer- 
menting capacity,” only Duclaux uses as a basis the weight of bacteria, 
and the present paper suggests the single cell as being simpler and more 
easily determined. 
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The fermenting capacity of the single cell is really a measure of the 
amount of enzyme in the cell. The amount of alcohol produced by one 
cell under normal conditions indicates the amount of zymase present. 
If two lactic cultures differ in the amount of acid formed, this may 
be due either to a faster growth of one of the cultures, to a greater 
fermenting capacity, to both, or to a greater fermenting capacity 
though slower growth. The computation of the fermenting capacity 
decides between these various possibilities. If the fermenting capacity 
differs, this indicates a difference in the amount of zymase per cell. 
Since it is possible to measure the zymase in the cell, zymology might 
use this method to advantage. At present, in order to study these endo- 
enzymes, it is necessary to prevent the multiplication of the enzyme- 
containing cells by chemical or physical means which usually affect the 
enzyme also. The method suggested in this paper separates multiplica- 
tion and fermentation by means of a mathematical formula, without 
interfering at all with the natural development of the culture. 

The fermenting capacity of the single cell is in certain ways related to 
the virulence of microdrganisms which is fairly well defined in path- 
ogenic bacteriology, but which is entirely vague if applied to dairy and 
soil bacteria. 

It is customary to measure the rapidity of growth of microdrganisms 
by the rate of reproduction which is the average time required by one 
cell to make two cells. This time is computed from the bacterial counts 
at the beginning and end of the experiment under the assumption that 
bacteria multiply in geometrical progression. This is not exactly, but 
nearly true. The rate of reproduction is not constant, of course, the 
multiplication being much faster in the beginning and ceasing entirely 
in old cultures. But under comparable conditions in young cultures, it 
is possible to obtain fairly well agreeing results representing a unit 
characteristic of the species under study. This unit may not represent 
the actual time it takes one cell to double, in fact, we know it does not, 
on account of our inaccurate methods of counting. It is, however, a 
valuable working unit, and its reliability is easily tested by the devia- 
tion in parallel experiments. 

Nothing more can be expected from the computation of the fermenting 
capacity. It may not give the actual amount of products formed by 
one cell, and usually it will not, the error being due mostly to the in- 
accuracy of counting the cells and other irregularities. But it is, never- 
theless, a working unit, the reliability of which can be proven ex- 
perimentally. 


Il. THE FORMULA FOR THE COMPUTATION OF THE FERMENTING CAPACITY. 


In this computation of the fermenting capacity it is assumed that 
bacteria multiply in geometrical progression, and that all young cells 
of a fresh, pure culture ferment alike. These two hypothetical condi- 
tions are discussed in a following subtitle. 

We shall designate the number of bacteria in the beginning of the 
experiment as a; let ¢ stand for the time in which the organisms are 
under consideration and in which the fermenting capacity of the cells 
is estimated, and b for the number of bacteria resulting from multipli- 
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cation in the period ¢. The bacteria are assumed to multiply in geom- 
etrical progression. 


Gn Don Pea ROR BEG s oh coca be, ode ang 


The final number of bacteria, 6, will then equal 2"@. From _ this 
equation, the number of generations, ”, during the time of observation, 
t, is easily deducted mathematically : 

pn ae 
a 


b ; : 
n= log?—_, or, if changed to the common Briggs logarithms: 


b 
n log 1°2 = log!® — 
a 


] 10 b 

ogo —_ 

| 8 a 

tag log!°2 

Let the average rate of reproduction, i. e. the time required for the 
5D b 


average cell to double, be y. This rate of reproduction, multiplied by 
the number of generations, must equal the total time of the experiment. 


yn=t 
els 
Yn 


or substituting the above value for n, we obtain 


 tlog 2 
Y= tog b/a 


If we let # equal the amount of acid formed by one cell in one hour, 
a single cell will produce during one generation, i. e. during the time 
y, an amount of acid equal to ay. a cells will produce ary acid in 
one generation. Then they multiply, and 2a cells are forming acid, 
which will amount, during this second generation, to 2ary. The division 
of cells takes place again, and now there are 2’a cells which form alto- 
gether 2°ary acid. The acid produced by the successive generations is 
therefore: 


axy, 2axy, 2?axy, 2?axy 


The final figure cannot be stated, unless arbitrarily. 

The final number of cells is 2a, but it cannot be stated when these 
bacteria have been formed and whether they have produced any acid 
and how much. The two extremes are the following: (1) The cells 
have been formed for some time, and are just ready to divide again, 
when the determination is made, in this case, the last acid formed 
would amount to 2”ary; (2) The bacteria just finished their last 
division when the final cotmt was made, they have had no time to form 
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acid, therefore the last amount of acid formed would amount to 2”*axry. 
There is no means of ascertaining the correctness of either probabil- 
ity. In fact, bacteria do not divide all at the same moment; this is 
assumed only for the conyenience of computation. To determine the 
full values, the calculus is necessary. 

It has been assumed above that the original number of bacteria a 
produces the total amount of acid @ry before they multiply. Corres- 
ponding to this, it is also assumed in the further computation that 
the final number b has been formed just at the moment, the determi- 
nation is made. These two assumptions will counterbalance one an- 
other to some extent. The final amount of acid is therefore 2” ary. 

The total acid, S, which is determined by titration, is the sum of 
all these figures. 


S = azy + 2axy + 2?axy +........ +2"-lazy. 
= ary (A1-+ 2 ++ 2? 4-23 +b. 2. 2ce. ore) 
—= axy (2"-1) according to the sum formula of geometrical 


progression. 
S = sry (a2"—a) 
= ary (b — a) by substitution of b for a 2”. 
t log 2 
log b 
a 


We found above y — 


at (b — a) log 2 


Substituting we obtain —S 


log b 
= 
b 
= Slog a 
+. (hb) =37a) slo 2 


x is the amount of acid formed by the average cell in one hour, i. e. 
the fermenting capacity. S is the acid formed in the time ¢t, a and 6 are 
the initial and final number of bacteria. In computing, care has to be 
taken to reduce both acid and bacterial numbers to the same unit of 
medium, either 1 cc. or 100 cc. or 1,000 ce. 

After this manuscript had been finished, an attempt at computing the 
fermenting capacity of the single cell by Burchard was found in Archiv 
f. Hygiene Vol. 36, p. 283 (1899). Burchard, working with urea bacteria, 
considered the geometrical mean of the number of bacteria in the begin- 
ning and at the end of his experiments as the average of the acting cells. 
The geometrical mean gives the number of cells in the middle of the 
experiment, but this is not the average of all acting cells. By his method, 
he obtains figures which are much larger than those obtained by the 
above formula. It is easily proven, by Burchard’s own data, that they 
are wrong. Burchard computes from his data that the fermenting capac- 
ity is 0.00,000,003 mg = 300 x 107° mg. urea per cell and hour; the 
rate of reproduction is 6.3 hours, the final number of bacteria is 42,- 
720,000: per cc., the amount of urea decomposed 1.78 mg. per cc. The 
urea decomposed by the last generation is 21,360,000 6.8 < 0.00,000,003 


448 STATE EOARD OF AGRICULTURE. 


mg. = 4 mg., which contradicts the fact that only 1.78 mg. urea was 
found to have been decomposed. The new formula gives a fermenting 
capacity of 66 x 10° mg., only one-fifth of that computed by Burchard, 
and the amount of urea fermented by the last generation is 0.885 mg. 
From this, it is evident that the preceding generations fermented 0.442 
mg., 0.221 mg., 0.110 mg., 0.055 mg., 0.027 mg., etc. The sum of these 
first five data gives 1.74 mg. of urea. 

Exactly the same formula with exactly the same errors has been 
applied later by Haake to the acid fermentation by B. acidi lactici 
Hueppe (Archiy f. Hygiene Bd. 42, p. 46). Besides the mistake in the 
formula, both these authors make an error in the arrangement of their 
experiments, letting the cultures develop for 72 hours at 37°C. Natur- 
ally, the bacteria are already dying and the maximum number is long 
passed when the bacteria are counted. This accounts for many rather 
strange conclusions, especially for the statement that the slower the 
fermentation, the faster the division of cells. The basis of these con- 
clusions which can be found in several text books is not sound enough 
to uphold these views, and a revision will be necessary. 


Ill. DISCUSSION OF THE ASSUMPTIONS IN THE PREVIOUS CHAPTER. 


In the computation of the above formula, three assumptions have been 
made which may not be accepted by all bacteriologists. These assump- 
tions are: (1) That bacteria multiply in geometrical progression; (2) 
that bacteria cause fermentation as soon as they are transferred into 
a fresh medium; (3) that the cell as counted by the plate method in 
young cultures is the most advantageous unit. These assumptions re- 
quire a justification. 

The Multiplication of Bacteria in Geometrical Progression has been 
given considerable attention. It has been found that this process is 
not wholly reliable for there are too many possible deterrent factors. 
A number of investigators* have found that immediately after being 
transferred, bacteria grow very slowly, but after a few hours, reach a 
normal rate of multiplication which remains nearly constant for a 
certain period. This initial retardation is too insignificant to have any 
appreciable influence upon the computation of the fermenting power, 
since it takes place at a time when the number of cells is too small to 
form measurable quantities of fermentation products. 

Later Barber; demonstrated by direct microscopic counts of Bacillus 
coli, that actually there is no such retardation. The findings of the 
other authors are probably due to an error caused by the plate method. 
Since, however, all data in this paper are obtained by this method, it 


is shown in the following pages that this apparent retardation is of no 
avail. 
*Basenau, Archiv. f. Hygiene Bd. 23 (1895) p. 44. 
Muller, Zeitschr. f. Hygiene, Bd. 20 (1895) p. 245. 
Kossowicz, Zeitschr. f. d. landw. Versuchswesen Oesterreichs Bd. 6 (1903) p. 275. 
Rahn, Centralbl. f. Bakt. II, Bd. 16 (1906) p. 417. 
7Journal of Infectious Diseases Vol. 5 (1908) D. 379, 
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The following table after Miiller gives the actual numbers of a cer- 
tain bacterium in broth counted at different times. The last column 
gives the numbers after inoculation by the plate method computed under 
the supposition that the multiplication had followed the geometrical 
progression. 


TABLE I.—Actual and Theoretical Increase of Bacterium A at +6° ajter Muller. 


Number Number 
Time. of cells of cells 
found. computed. 
| 

(1).LiVa\ Nh nso RORREER pte Ite cee oe SURO oh TEE AMES OPA pire Go oO nic oniainats deseo mean daedo Rae tc 1,370 1,370 
PUN YON ie PRR en ee Swe Sale Tie ge LPR eae A RP AE oA ea cae ah Ge rite LiPk bees reat eM Oba od on Gh airait o aw 1,650 2,010 
HN OUTS ene Ra cake teh ae) Re ee ad a Ha ree AES. 2 pene eee, Sa Re ne a ee SR I 2,160 2,940 
LRT OUITS Secreta ee aia eyes cpa ac Cagis AS TL ec en ol 2,860 4,310 
OMG Nits o gaa Sando Be SOs ae ke CECE o MADER ae MOOS TE OS 6, SOE er ee Oe 8,000 13,530 
Sih OuTsietsce heer ears BET FO ORCS ae OE Cr EE nr eon pee ee : 11,600 19,820 
SORT OULS Se ars Net OO ee ES NSTI Ra ha SARE en Ee eh tate LEAS cor ae 17,500 29,000 
SHINOUTE TEER ecitcke cee Ee coe Be Re Oe SEE ee ES etna anti Nata ds 27,900 42,500 
48 hours.... ae x BA BS a Seat il re eh BOA TE Co Oe Dold Wie aise 79, 900 133, 700 
LO eee CME MORES SORE HEATS eReNOC Pah LCSD ney PMY ce 0G [en ete ign a 130,000 196,000 
Howhoursee ee ae eee ae ban cree eh hen Bete SO CNN 1 a a tes ey ON re 180,000 287.000 
60 hours.......- ee eee area an ae Re aN re a aS eo a Fk Oe Ie kn ees ND ee ST a ot 273,000 542,000 
HT ORITUO UE Je a aA NS ee eo RE ET Le eS ARE ORS EG OEE SORE EEORL ES RR on Dok ters eee ae Te 1,353,000 1, 320,000 
7 OUNOULS RCM ice SRI o ae RRA caer ane na peel eater Re ae Ee ee 1,956, 000 1, 956, 000 


The retardation of growth is evident, as is also shown in the curves 
of Fig. I. But this retardation of growth comes at a time when the 
number of cells is very small. The products formed at this early period 
of growth are so insignificant in quantity that we cannot detect them 
by any chemical means. This is easily shown by the following Table 
II, giving the growth and acid formation of Bact. lactis acidi in milk. 
The rate of reproduction, i. e. the number of minutes required for one 
cell to double, is lowest, or the multiplication is fastest when the first 
traces of acid can be detected chemically. Soon after this point has 
been reached, the rapidity of growth decreases, slowly at first, then quite 
rapidly after about 0.8% of acid has been formed. At 0.4% to 0.5% 
of acid, growth ceases entirely. The table shows that the rate of growth 
is not constant, and that the retardation of growth in a young culture 
is overcome by the time the products can be analyzed. Therefore, the 
fermenting capacity will not be influenced seriously by the initial re- 
tardation. As long as the gradual decrease of the rapidity of growth 
is not considered in the mathematical equation, the results will “be the 
more accurate the shorter the period of experiment. 


TABLE IIl—Growth and Fermentation of Bacterium lactis acid. 


. Rate : Rate 
: Acid Acid : 
: ; wth ells per ce. of growth 
Time Cells per ce accent oe Lavihe Cells p per cent. Saal 
OPROUTB I n cvecres Cos cctecloeeruene omer 38, 000 Quik ecrexesecetens x 38 Ove gee 
SINOUIE Sa) ete ee eee 200, 000 0 74.8 183 0 79.0 
Gihoursheis. cus cer wae eee 1,710,000 0 58.1 1,750 0 55.0 
Olin ourstey erty atc Naan 19,600, 000 0.007 50.8 23, 250 0 52.7 
Ohoursrecreet ae ee ee 113, 000, 000 0.018 70.9 301, 000 0 48.5 
LOUNOUTS sh eee co esteoeh Ubmdendties 435,000,000 | 0.086 92.2 4,800, 000 0.005 45.1 
JESUGUES 35 de’ oon socadsS odes angenge 1,135,000, 000 0.263 130.0 43, 200, 000 0.011 56.8 
7) ec hess G Rectan nce ere mee 1, 370,000,000 | 0.434 663.0 177,000,000 0.027 88.5 
DA OULS) een eRe 1,550,000, 000 0.479 1010.0 685, 000, 000 0.132 92.2 
DTAROUTS Sites Sener eN ELLIE 1, 350,000,000 O25025| Ses sctereaye are 1, 240,000, 000 0.338 210.3 
SSO UOTINS erettelelerstete ee tel-ye ee tee Eee 1,300,000,000 | 0.524] ........ 1,520,000 000 0.489 619.8 
DO NOULS Hae ook ei ee RA eee 1, 440,000,000 | OR BLD a erate ie. 1, 390, 000, 000 Opa 2% all. crctereeioe 
SB hours. -). 1 Sa ee eek alone 1,610,000, 000 OF 588 ae aweeee 1, 750, 000, 000 O:58l Seema. 
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Fermentation in Very Young Cultuwres—The second point requiring 
an explanation is the assumption that bacteria cause fermentation as 
soon as they are transferred into a suitable medium. This assumption 
contradicts the opinion of many bacteriologists who believe that bacteria 
do not begin to ferment until a certain period of growth has been reached. 
It seems a rather general belief that microérganisms in the earliest 
stage of growth do nothing but multiply and after they have reached 
a certain number, fermentation starts in and multiplication becomes 
slower. When and where this idea originated can not be ascertained, 
but the general opinion is inclined to separate the two processes as 
independent. Two quotations will suffice as examples: Knésel (Cen- 
tralbl. f. Bakt. II, Bd. 8, p. 272) speaking of multiplication and fer- 
mentation of yeasts, says: “Both these life functions run parallel; as 
a rule, however, especially with a small inoculation of yeast, the sugar 
destroying action is preceded by a short multiplication. After this 
has taken place, fermentation begins.” 

H. W. Conn (Bacteria in Milk and Its Products, 1903, p. 74) states: 
“Now, while there is a general parallelism between the growth of these 
organisms and the production of lactic acid, the parallel is by no 
means a close one. For a considerable time after milk is inoculated 
with lactic bacteria, there is no increase in the amount of lactic acid, 
although the bacteria are themselves multiplying rapidly and becoming 
very numerous. Then there is a rapid increase in the development of 
lactic acid, accompanying a still further growth in the bacteria.” 

These quotations are just chosen to illustrate the general opinion of 
bacteriologists. No data are on record to prove the above statement 
that in the earlier stages of growth, multiplication goes on without or 
with but little fermentation. In fact, no data can exist because it is 
impossible to prove either contention. It requires but a very simple 
computation, to show the impossibility of any proof. Sour milk with 
about 1% of lactic acid contains at least 1,000,000,000 bacteria per ce. 
If it takes 1,000,000,000 bacteria per cc. to make 1% of lactic acid, 
1,000,000 bacteria would make 0.001% of acid in the same time, which 
is much less than can be determined analytically. It would also take 
1,090,000 bacteria one thousand times as long to make 1% of lactic acid. 

This is the point that is commonly overlooked. A few thousand 
bacteria are inoculated into milk, they multiply rapidly, after a few 
hours, there are several million cells per cc., and yet no acid; the con- 
clusion is that they did not form any acid in this period. This de- 
duction is wrong. A calculation will show that if they form acid at 
the ordinary rate, the amount cannot possibly be detected by the usual 
chemical methods. This explains also the fact that the discrepancy be- 
tween growth and fermentation is observed especially with small in- 
ocula. With large inocula, the products appear soon after, and the 
“parallelism” is proved. 

The definition “Period of incubation is the time during which bacterial 
proliferation is taking place without a corresponding increase in acid- 
ity’ is not based on actual data. From the time the products are 
formed in quantities sufficient to be analyzed the parallelism is doubt- 
less established. Why should a discontinuation of the parallelism be 
supposed as long as there are no indications of it, no present means of 
establishing it, and no pertinent analogies even to make it appear 
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probable? Nothing contradicts the statement that the period of most 
rapid growth and of the most rapid fermentation coincide although it is 
beyond actual demonstration at a time when the products are not 
chemically determinable. This statement becomes logically necessary 
if we consider fermentation as the source of energy for the life func- 
tions of the microbial cell. The period of incubation should be defined 
as the period during which the fermentation products are within the 
limits of analytical error. 

The single cell as unit.—A brief explanation should be given why the 
single cell is chosen as unit instead of the weight of the acting cells. 
Both these standards have their disadvantages. Rubnert has demon- 
strated that there is a large difference between different cells; he has 
also pointed out that many yeast cells may still ferment, but not de- 
velop on plates, the plate method being practically the only one com- 
ing into consideration in this paper.2 In spite of the great difficulties 
in determining the weight of bacteria in a culture, Rubner in his ex- 
periments on metabolism of bacteria preferred it to the counting of 
cells. The reasons which caused Rubner to weigh the bacteria have 
little bearing in this work. Since only young cultures are considered, 
the plate method is exact enough for counting and probably more exact 
then Rubner’s method which could not be applied to milk cultures. 
The difference between the individual cells cannot be denied but the 
variation in a well-bred culture is very small and on the other hand, 
the weight is not a very reliable unit inasmuch as cells may or may 
not contain considerable amounts of glycogen, fat, ete. Therefore, for 
the purposes of this paper the counting of bacteria seems fully as, or 
more desirable than the weighing method. 

As to Duclaux, he probably did not think of the possibility of com- 
puting the fermenting power per cell. His method was quite different. 
He added so many bacteria to the culture that there would probably 
be no increase of cells, consequently he had a constant weight of bacterial 
mass acting upon the sugar. This method, though it served his pur- 
pose, is less accurate and can be applied only in a few instances, where 
bacteria can be filtered out quantitatively. 

Method of Counting—The common method of counting bacteria by 
plating is doubtless not an accurate determination of the number of 
single cells. Very commonly, especially with Bacterium lactis acidi, 
two cells will remain attached for some time after the fission has taken 
place as may be easily demonstrated by the microscope and will thus 
give but one colony on the plate. Besides, old cells are apt to lose their 
vitality and may not be able to multiply in agar or gelatin though 
they still may cause fermentation. In order to determine the relation 
between the actual microscope and the plate method, comparative 
counts were made in litmus lactose agar and by the direct method of 
MacNeal,* Latzer and Kerr. The latter consists in spreading the con- 
tent of a standard loop between two cover-glasses, staining and counting 
a number of microscopic fields. Two different strains of lactic bacteria 
were used for these experiments. 


1Rubner, Archiv. f. Hygiene, Bd. 48, p. 260 and Bd. 49, p. 355. 
2About microscopic counts see next paragr aph. 
3Journal ofiInfectious Diseases, vol. 6 (1909). p. 146. 
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The first series was made in milk which was neutralized every 24 
hours in order to obtain old cultures with plenty of cells. The Gram 
stain was used since other methods stained the milk proteins also. 
The averages of the duplicate counts are given in the following table: 


Acidity.) Plate count. | Microscopie 
Culture w24hoursyoldi:<,cchie cise eatcetele stetate, Serene ae ete aaa not eon enact tenaene tae OSH aaa aeeeaditectshice 5,000,000, 000 
2dhourstatterihirshNeubrallzaplomcyyyae-atesistia sels ctaeciae arise sie aera sia oie 84° | 1,280,000, 000 2,256,000, 000 


AS hoursyatverssecond NewbtraliZauyomerressiciccs ciesele sisislere ete © ote sce) eserves ici steleres re ne 92° | 1, 660, 000, 000 1, 278,000, 000 


A duplicate experiment with another strain gave the following data: 


oe pee Microscopic 
Acidity.) Plate count. Rein: 
breshuculturew4sjhours old secsaee are cheeanret nce hea eerina tease GAC a a etm 8 Be 2,130,000, 000 
DHAGUPSAiLeriirstMeucralizationeastecemee donee coc ere eer eae | 46° | 1,620,000, 000 852, 000,000 
ARihoursiaiver second neutralization acereissicleeielaisiersiere ai leleieaieisiets aeisiete tere a-ha | 52° | 1,200,000, 000 1,278,000 000 


The microscopic counts are doubtless very unsatisfactory, since they 
show a decrease in the total number which is impossible. The discrep- 
ancy was largely due to the difference in the consistency of the sour 
milks, the same loop holding different quantities of milk with different 
samples. In the following set of counts 20 loops of sour milk were 
weighed and averaged with each determination. 


ote a Microscopic 
Acidity .| Plate count. cannes 
Pin Kitts O2 BVO MOO inbhWes eciacucoatecs- cf co oonat Rae Oo nuneh oADen ese Ss BAAOee 58° 650, 000, 000 2,590, 000, 000 
Nulyiome+bourspaitertirstmentralizingascmees wrces ascites cca ceca ee | 66° 1,000, 000, 000 780,000, 000 
Julys6..24hoursiaiterisecond neutralizing... os ac. oee- ooee « oe cron se te eee 58° | 1,480,000, 000 1,909, 000, 000 
July: 7, 24 hours\atter third neutralizing.......-.....-.e-scc-secee+ cee eeu 45° | 2,450,000, 000 1, 985, 000, 000 


The average weights per loop on these 4 days were 1.39 mg, 2.0 mg, 
2.32 mg, 2.00 mg. If the averages vary so much, it is very plain 
that these figures may not represent at all the accurate weight of a 
single loop. 

The experiment was repeated with the only difference that this time 
the loops of milk for counting were removed after neutralization, to 
avoid the curd which could not be broken up satisfactorily by shaking. 
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Acidity.| Plate count. M leroacople 
Apathiab OX WM yaiiiera nN iinsb os onaddo ce ssccndonant dor onopbadeapndorbuadeue 49° 780,000,000 | 2, 250,000,000 
July 12, 24 hours after first neutralization . . . Be cad See i | 48° | 1,250,000, 600 Daa ee 
July 13, 24 hours after second neutralization...............-.-..0.0.0.0 200s 3g° | 1,410,000,000 | 1, 980,000, 000 


The weights per loop agreed much better in this case, the average 
data being 1.60, 1.93 and 1.81 mg. The counts, also, were more satis- 
factory, but do not agree at all with the increasing plate counts. 

As a last test, a three-days’-old milk culture of Bacteriwm lactis acidi 
was counted microscopically on five sets of cover-glasses to determine the 
probable error of microscopic counts of milk cultures. The milk was 
neutralized before being weighed out. Duplicate determinations gave 
the milk per loop 1.83 and 1.89 mg. The microscopic counts gave the 
following data: 

1,960,000,000 
2,240,000,000 
2,860,000,000 
2,400,000,000 
2,520,000,000 


The greatest error is approximately 28%. 

The results are altogether unsatisfactory, and the data are not con- 
sistent enough to warrant a substitution of this method for the plate 
method. The reason is probably to be sought in the general inaccurary 
of the loop as measure, together with the impossibility of obtaining 
comparable data from curded milk. Considering also that young cultures 
cannot be counted at all by the microscopic method on account of too 
small numbers, all counts were continued by the plate method. 


IV. FPERMENTING CAPACITY OF VARIOUS STRAINS OF BACTERIUM LACTIS ACIDI. 


The formula for the fermenting power, according to subtitle IT, is 


b 
or S log a 
sae t (b—a) log 2 
It shows that four data are needed for the computation: S — the 
total amount of products formed, ¢ — the time of experiment, and the 


initial and final number of bacteria @ and b. Though these data are 
easily determined, there are only very few experiments to be found in 
the current literature that give all of these four data. In fact, as far 
as the lactic bacteria are concerned, the author succeeded in finding 
only one series of experiments complete enough to allow the computa- 
tion of the fermenting power. Marshall and Farrand* in their experi- 
ments on the association of the lactic organisms give a large number 
of data with pure cultures of Bacterium lactis acidi which are compiled 
in Table III. 


*Marshall and Farrand, Special Bul. 42, Mich. Agric. College, 1908. 


EXPERIMENT STATION BULLETINS. 455 


TABLE IlI—Fermenting Capacity of jour Different Strains, ajter Marshall and Farrand. 


Fermenting capacity. 
Initia F sdity | Time j 
Gast . Final number | Acidity | Time in 
etrain. Expt. ee per ce. increase.| hours. re 
Individual. Average. 
a 0.06*) 1,000,000,000| 15°) 53 8.6x107 10 
b 0.09%, 2,900,000,000 | 672 | 65 11.2x10-15 | 
e 0.02*| 243,000,000 | 27° | 114 28.9x10710 | # 
(is A eee cere oe d | 1340 117,000,000 ia OYE 15.6x1071) | + 17.6x10- 
e 0.14%; 111,000,000 cA a2 30.0x10-1? | 
f 7.65 | 453,000,000 | 28° | 101 14.0x10" 10 
g 481 372,000,000}  10°| 67 15 .0x10- 
a 20 1,990,000,000 | 49° | 93 6 .3x10-5) 
b | 1270 4,180,000,000 | 58° | 72 3.8x10" 15 
e | 2750 2,300,000,000) 40° | 48 6.4x10°|° 
d 18 1,970,000,000} 60°) 91 8.0x10-1" 
5 }| e | 2850 1,210,000,000 | 10° | 42 3.3x10- 15 |b 7 4xt9-1 
Boe dn cocaine) a: Adee co el p/el’oosate. «a \ny dl -0, Bevel £ 18 1, 440, 000, 000 62° 66 15 8x10" |, 2 
i 16 1,900,000,000 | 59° | 67 11.2x10- |) 
j 173 1,600,000,000 | 37°} 48 | * 10.0x10-|? 
k 480 5,850,000,000 | 55° | 44 4.5x10-10 
m | 2960 2,920,000,000 | 35° | 44 4.9x10- 
a 22.4 194,000,000 a 9.9x10- 19 
c 20.3 116,000,000} 47° | 45.5 | 160.8x10 ,? 
¢ 24.1 | 2,410,000,000| 42° | 47 8.9x10-}? 
q f 0.18*) 1,100,000,000 | 54°) 53 27.1x10-55 | | 43 ox10-"° 
Reece eas ctor ap hn g 23.5 | 1,500,000,000| 26°] 47.5] 85x10 |¢ 
h 38 1,700,000,000 | 37° | 54 10.4x10-,° 
i 30.7 | 1,070,000,000| 40° | 48 17.6x10-10 
k 23 2,280,000,000) 39° | 40 10 2x10 
b 0.23*| 1,460,000,000 | 36° | 55 13.1x10-1° 
e 3.75 | 114,000,000 | 31°] 49 | 124.2x10-") 
f 4.5 26,000,000 | 10° | 49.5 | 157.1x10-,° 
Pi J| ¢ 23 1,000,000,000 | 52° | 47 25.3x10-15 1 | 49 6x10-2° 
a ep a | hb 3.38 | 604,000,000 | 28° | 56 Pie ae Eg 
i 15.6 | 1,000,000,000| 42°} 43 | 22.8x107\5 
| 0 34.9 | 1,830,000,000| 46° | 42 13 .8x10- 1) 
‘le 12:6 | 1,750,000,000| 7°} 48 | 22-3x10"*? | | 


*These numbers mean that 6, 9, 2, etc., cells respectively had been transferred into 100 cc. of milk. 


The table has four sections each of which represents a different strain 

of Bacterium lactis acidi. The average fermenting capacity from all 
14 
data is 1410-'°, i.e. 10,000,000 of one milligram of lactic acid have been 
produced by the average cell in one hour. This amount seems ridicu- 
lously small, but it is really an enormous amount compared with the 
weight of the cell. MacNeal, Latzer and Kerr* found that 1 g. of dried 
coli bacteria contained from 46 to 57X10-'' cells, or in other words, the 
1 

dry matter of one cell weighs approximately 50 « 10-'! g or 210-'° mg. 
Bacteria having approximately 80 to 90% moisture, the actual weight of 
a living cell of B. coli is between 10 and 20%10-'° mg. Bacterium lactis 
acidi is smaller than B. coli. The comparison of the data shows that 
each cell forms about its own weight of lactic acid in one hour. 

Considering each strain by itself, a great discrepancy of results is 
quite evident. Three figures, namely 3c, 4c and 4f, are ten times as 


*Journal Infectious Dis-aces Vol. 6 (1909) p. 148. 
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high as the average, and are therefore not considered. An error must 
have crept in somewhere, as the comparison of all data shows; prob- 
ably the final number of cells is recorded one decimal place too low. 
Excluding these three data, the variations are, 


with Strain 1 from 8.6 to 30.0, average 17.6. 
with Strain 2 from 3.3 to 15.8, average 7.4. 
with Strain 3 from 8.9 to 27.1, average 13.2. 
with Strain 4 from 13.1 to 25.3, average 19.6. 


The variation is quite large with Strain 2, the maximum is 5 times 
as large as the minimum. The averages show that Strain 2 was quite 
different from the other three lactic types. 

Another experiment showing a very wide variation in parallel experi- 
ments is that given in Table IV. This experiment was made with a 
dairy starter, carried on in pasteurized milk, and apparently a pure 
culture, as far as could be judged from the gelatin plates. Dilutions 
in decimal order were transferred into flasks with 100 cc. of sterile 
milk. The acidities and numbers of bacteria were determined after 
12 and 24 hours’ growth at 21°. The highest fermenting capacity is 
more than three times as great as the lowest. 

Smaller variations were obtained with Strain II which has been used 
in the majority of the following experiments. This strain has been 
transplanted in the laboratory for about two years at least every second 
day from milk to milk. It is a rapid acid producer and is used as 
starter in several creameries. In Table V are compiled all data obtained 
with 24-hour cultures of this strain. Some of the experiments have 
been carried on more than a year apart, and the only identical factors 
are the well-bred culture and the temperature of about 21-24°C. The 
very last experiment shows both the highest and the lowest fermenting 
capacity, 13.7 and 33.8 10-!° mg. The next extremes are 16.6 and 30.5. The 
proportion of lowest to highest number is 1:2.5 and 1:1.6 respectively, 
while in the experiments of Marshall and Farrand, with freshly isolated 
cultures, the corresponding proportions of the four strains were 1:3.5, 
1:4.8, 1:3.9 and 1:1.9. Table IV with the dairy starter gives the pro- 
portion of the two extremes 1:3.3. This shows that the greatest varia- 
tion of the well-bred Strain II is smaller than that of freshly isolated 
pure cultures. 
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TABLE V.—fFermenting Capacity of Strain II. 


Bacteria per ce. Acidity. 
|| eR IE 
Table. Roane! | J capacity. 
Beginning. Final. pon Final. 

BDV AoA i ois eo i es ec RE A ei 24| 13,100 | 1,575,000,000 | 17.0° | 79.25° | 25.0x10-"° 
= {| 24 157,000 | 1,500,000,000 | 17.0° | 78.25° | 20.2x10~1) 
ep aa toes eer Nao a ass ge” 24} — 1,570 | 1,230,000,000 | 17.0° | 69.00° | 30.5x10- 

DAVEE ere aceac eee cet teat Meme “24 600 | 1,150,000,000 | 19.5° | 51.50° | 21.8x10-"° 

oe 24 | 193,000 | 1,400,000,000 | 17.0° | 75.75° | 20.1x10°1) 

ORE er espacagige rr aro ear ge arp 24 1,930 | 1,345,000,000 | 17.0° | 64.75° | 25.2x10- 
C {| 24} 183,000 | 1,500,000,000 | 17.0° | 73.50° | 18.6x10- 1) 
a SSO eds Sons da no a 24} 1,830 | 1,385,000,000 | 17.0° | 70.50° | 28.3x10- 
* {| 24] 132,000 | 1,590,000,000 | 17.0° | 72.00° | 18.0101" 
aicgsane nas cls ese b rag ee 24} 1,320 | 1,065,000,000 | 17.0° | 43.00° | 18.4x10- 
: { 24 | 134,000 | 1,685,000,000 | 13.0° | 66.50° | 16.6x10-19 
ee bTs a tigre aia HEOUR Nee Ora 24 | 1,340 | 1,665.000,000 | 13.0° | 52.75° | 18.1x10- 
= { 24 | 186,000 | 1,935,000,000 | 13.0° | 66.00° | 13.7x10-1) 
BF eee ents err ce aca 24 | 1,860 | 1,040,000,000 | 13.0° | 62.00° | 33.8x10- 


It is readily seen that here, as in all biological experiments the indi- 
viduality is quite apt to cause wide variations; it is also plain that 
the variation can be reduced materially by experimenting with an or- 
ganism that has been selected and cultivated under the same conditions 
so as to impress and standardize the characters under study. 

There is a variation of the microérganisms in each strain; there is 
also a decided difference between the various strains studied. Com- 
piling all the data available in this paper from lactic bacteria in milk 
at 21°C., we obtain the following table: 


TABLE VI—Average Fermenting Capacity of Various Strains. 


Number Average 
Investigator. Name ot Table. Cae fermenting 

tions. capacity. 
Marghall/sud Purcauds vacant otek ct ccchew Se etd ae a ae ee 1 I 7 17.6x10-*° 
Marshall end Barrand cts. tsde sn eel eee ae Se 2 II 10 7.4x10-'° 
Warstrall aiid acca sata soee ceteete tere tcc oe ene ae eee | “3 II 7 13.2x10-*° 
WMarshalland’ Wacrandis.. 20. occ. oc 8 Aces oaks eae aos eae 4 I 6 19.6x10-*° 
isk qudhlwamnici®. ee se yc aoe ee as dae ee rene eae eae ae * 2 16.5x10-'° 
ICN ae ee RRC Mare am APE RT AEM Salon as ra a IV 8 32.5x10-*° 
aD hoses oak orc dp GERCNT Dae AR A ee en em II V 14 22.0x10-*° 
RAHI MERE ico as ss dan Mnocatat oe we Fk We Pe ene eee Iv |XVi XVI 3 13.3x10-"° 


Average of 57 determinations 17.8x107°. 


*Not fyrnished in t! is paper. 
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VY. THE INFLUENCE OF AGE. 


In the introduction, it has been stated that the fermenting capacity 
is not a constant quality of the cell, but it changes like the rate of 
multiplication, and though it probably varies but little in the early 
stage of growth, it decreases rapidly as the fermentation products ac- 
cumulate. In order to obtain comparable results, it is therefore nec- 
essary to use young cultures. The comparison would be absolutely 
correct only, if all experiments were carried on until an arbitrary 
standard concentration of fermentation products has been reached. This 
is not always possible, however, since too much work is required in 
watching the cultures so closely. 

Variation of the Fermenting Capacity during the Entire Develop- 
ment of a Culture. The formation of acid in cultures of Bacterium 
lactis acidi is soon checked by an accumulation of products which in- 
terfere with further fermentation. The retardation. of the acid forma- 
tion naturally causes a decrease of the fermenting capacity. This is 
plainly demonstrated in the following experiment where acidity and 
bacterial numbers of a pure culture of. Strain II were determined every 
three hours for 36 hours. The two series differ only in the amount of 
inoculation, culture A having 1,000 times as many cells at the start as 
culture B. For 6 and 12 hours respectively no increase in acidity is 
noticeable. The first increase is very small and cannot be determined 
accurately ; hence the deviation in the fermenting capacity. After that, 
the fermenting capacity is fairly constant until an acidity of 50-60° 
has been reached. From then on, the’ decrease is very rapid. Multipli- 
cation ceases earlier than fermentation. (See table on next page.) 

This experiment was carried on for the purpose of demonstrating 
that there is no evidence of an early stage of growth without fermenta. 
tion. From the time the first traces of acid can be determined, the data 
show that the younger the culture, the faster is the fermentation caused 
by each single cell. What happened before the acid could be deter- 
mined, we have no means of telling. It can be easily calculated, how- 
ever, that if the cells formed acid during this period at the normal 
rate, the amount would be within the limits of analytical error. 

Similar results are found in several of the later experiments, and 
there is not a single exception to this rule. A few of the data are com- 
piled in the following table: 


Fermenting Capacity in Different Stages of Development. 


Strain. Table. 0-12 hours. 12-24 hours. Over 24 hours. 
yee euler XV PZOx10- omg | FGROe ghee. oe oe 
iil <<.8 hep een an a een ROM. tlle oi RV! Mlle been ae 21.8x10-'° mg. | 1.4x10-'° ms. 
lier eo a acindst eee ns XVI 10.5x10-'° mg. | 1.0x10-'° mg. | 0.6x10-*° mg. 
vet a are OE Re eas Me Pas oe, XVI 19.9x10-?° mg. | 1.6x107?° mg. |; 0.8x10~*° mg. 
TaD Oslo CRED. :, Sek Pe XVII 19.0x10°'° mg. | 1.6x10-'® mg. | 1.0x10~-"° mg. 
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For further data see also tables XXI, XXJI, XXIII, XXIV. 

The difference in the fermenting capacity of young and old cultures 
will be evident also in cultures of the same age, but with different 
amounts of inoculum. A good many experiments in this paper have 
been carried on in duplicates with different amounts of inoculum, and 
the result js that in all cases the lowest inoculum showed the highest 
fermenting capacity, being actually the younger culture. This is especi- 
ally plainly seen in Table V. 

Effect of Neutralization.—To obtain old cells unchecked by their own 
products, full-grown milk cultures were neutralized with sterile nor- 
mal alkali to the normal acidity of milk. A milk culture of Strain If, 
36 hours old, 80° acid, was neutralized to 11°. The bacteria were count- 
ed immediately before and one-half hour after neutralization, and then 
after 4 and 8 hours. The experiment was carried on in duplicate. 


TABLE VII.—Growth and Acid Production of Strain II. 


ne B. 
Hours f y 

Number per ce. | Acidity. ree. sere Number per ce. | Acidity. coe rea 8 

Grmmaten) | per hour. duction. perihoun 

Beginning... 38, 000 { oa te NG Mn edeagla eee 38 { Ast ErAM a AIR ches 
3 hours 4 ae oe } 16.5° (a pe eae ae 4 ae } 169°" | 90h eee 
6 hours { eee Oy | eiT eat a, Beek [eee eel pe AA pe ac Sd earn 
Babioara yh arse Bee AL EUs | 50.8 | 46.2x10-?° | / es Teer 6-7 ilvsk... epee 
12. hours TL uinoea einecees 70.9 | 10.0x10-7° | J Soy Ooo | AG Sos 495 ae 
15 hours { | LLU ceo Cell ores: ee eis ea egornou ar gs aoa | Glas tectiia 
oe Rancgp eect een lar raren aint Uli ehlare sma mmr rah Learns ere Gaur 
Bihourel4)|() tere por dnd) |p G8 Ee 663.0 | 6.6x107?° : RRM MEET cap derail. cee 
Br houre, | «teary Coto | 828.1 gatos) "abet |] Eon ane eee |e rt tea 
27 hours 4 | EE el Bef | rae Qes10s hee a 210.3 | 10.6x10-1° 
woul | RGD aE) wou Lemma | 72-02)] ios] aa 
ss non F998 0) RE) ofa a8) aaa 
ss wus | FREQ | FEY of pgpgmag | zee |g 
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TABLE VIII.—Development of Strain II After Neutralization. 


pe B. 
Time. aa 
a Ferment- Ferment- 
Number per ce. | Acidity. ing Number per ce. | Acidity. ing 
capacity. capacity. 
iy 1,690,000,000| 10.5° |.......... 1,160,000,000} 12.0° 
Beginning vs [v8ieie ce 6.0 0.0 elev e vivis eiesse { 1,860,000, 000 1102: eat 2 1, 220, 000, 000 ieee} o cee 2 ene 
oO 
Dilla orate BESAaa! eck Aegan cared Sic au | eee loamy “ice y lit Sera cee 
3, 050,000,000 | 58.5° 2,830,000,000 | 54.0° 
4 hours Sialeistelotaletalictalatetatel vielatalelslaietai-te { 3, 330, 000, 000 58 5 6 43 ie 120, 000, 000 pee 6 91 
°o ° 
Di seh edooase erecta ae ee © Oc itynie oie eee Bd ve pags eee 
3,220,000,000 | 67.5° 3, 250, 000, 000 | 68.0° | 
SnpaCIVAA et REE oa se Ai soos as teind ae cesce | apestl G5) coo oenccren lenerpice yl Oe 
ae deer GON0S sheesh ee ae ale OO 
24 hours Diatabdtcinicualeveloioicivl sisieielela(y<aiataleta { dole pe neheniernen 70 0° in eal eli | Nome Peet 9 pale 69 0° \ elstelelatdieyalels! 


The counts show no great difference before and after neutralization. 
The actual figures are 
Eo | B. 
1,570,000,000 790,000,000 
before 1’730,000,000 950,000,000 


1,690,000,000 —_1,160,000,000 
1,860,000,000 — 1,220,000,000 


The fermenting capacity in the first four hours is a little, but not 
much, lower than in’ the preceding experiment carried on with the 
same strain. 

The bacteria multiplied again after neutralization, approximately 
doubling their number. The final acidity is lower than that of the 
fresh culture. It may be mentioned that the milk was not curdled after 
8 hours, though enough acid was formed to curdle normal milk; curd 
was formed after 24 hours. 

The faet that the bacteria fermented and multiplied again after 
neutralization of the soured milk made it seem worth while to try the 
effect of repeated neutralization. The following two tables give dupli- 
cate experiments with two different strains of lactic bacteria, Strain II 
and Strain IV. For these data I am obliged to Mr. L. R. Himmel- 
berger. 

There is a great difference in the effect of neutralization upon these 
two strains of lactic bacteria. Bacterium II increases decidedly after 
the first neutralization ,and reaches its maximum number after the 
third neutralization. The number is then constant until a total of 
about 340° of acid has been formed. After that, the number drops 
rapidly, and at the same time the acidity increases very slowly. The 
cells probably by this time are injured so much by the exposure to 
sodium lactate that they die. The total amount of acid produced is 
366° and 357° respectively. 


after | 
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Strain IV is, under normal conditions, a very slow acid producer; at 
20°C, to 25°C., it requires 36-48 hours to curdle milk, while Strain 
II does it in 20 hours. Bacterium IV is much more sensitive to its 
own products; after the first neutralization, the number of bacteria 
does not increase, though fermentation takes place. The number re- 
mains fairly constant until about 160°-180° of acid have been produced ; 
then, the number drops rapidly and the amount of acid formed from 
then on is very insignificant. The total acid formed is 202° and 176° 
respectively. It is not certain with either of the two strains that the 
discontinuation of life processes in these cultures is entirely due to 
the accumulation of sodium lactate. Possibly, other products are form- 


TABLE IX.—Development of Strain II in Milk Repeatedly Neutralized. 


Series 1. 
a | 
Time | Acidity Increase = 
ee nae ! ’ Number Fermenting 
Acidity after each neutralization. in after fer- of ° ches 
hours.| mentation.| acid. of bacteria. capacity. 
: 1 { 77.0°| 500,000, 000 ) - 
16° (Fresh) Mee chen ere rani Crelr tote OREO crea rancne gies Ar oF ERECT if Seto | 780° { 61 5° { 780,000, 000 f f 
TAN Oe cme aeh ee oe pete eens ee ) 775° | 2,130,000, 000 | aD 
TA Re MOE a PRLS SUN eM San mg) S sy 24 { 76.0°f|  81-0° { 2' 340,000,000 {| 2-010 
ONG eet tae teh ae etn eotg a Reet eb 1 72.0° | 2, 210, 000, 000 | 10 
CNTR: See Riana BL bie Xi" ates yj 24 { 73.0°f|  52-5° { 2'490:000,000 {| 9-910 
ONS AA eae Bn eee (et UCN Poo | 64.0° | { 2,850. 000, 000 } _10 
Siow eee are nl vies j 4 { 65.0°f| 4-9 | 4 2'900;000;000 /| 9-6x10 
Continucdite. \ eae, tects Ole Seearale Wire ee. Nee { 71.0° | ie 1,960,000, 000 | Ea 
Ce SE ke oie AE Soe OM Re NOR Gh HER sp BS 72.0° f : 2) 100, 000,000; |r ere 
ONT UREE he etre cence. ere fete Corey eer l 63.0° > | § 2,030, 000,000 | 10 
20.5°....... Beachy ro mie Daa Sep ieee Costes liane { 64.0°f| 43-8" | 1 2/190; 000,000 / | 9-410 
Continued.......... Pts ee 2 URS is ee 70.5° 2,130,000, 000 | 
(RINSE rate et eek Ae TE oe 24 { 72.0° 8.0° { 2; 260,000,000 f |°-------0 7° 
Dieta, Po. sestre Me aM iy Aa tee: Ne oe 460° f 2,510,000, 000 10 
Daipoin csaiektan, 40 te cae OEE Oy ee y 9 { 47 0° 22.0° |) Oe south 0.5x10 
Gon tinted) ftee eran sae See ois mee oe ee 4 if 5OrO2 45° | § 2,200,000, 000 | 
AGEN So. Beek ge Grad, ie hE ie | 52.0° f 51 2: 32Nc000;0001).,| <2 < e eek 
ThA eh then ieee Pico ohne gh cerh ant ab eunt OATS. whale on 48 .0° -o | { 2,100,000, 000 STO 
Bien Scere Ae eat a ieee ae 24 { Be} 40.5 { 3410; 000,000 | 0.710 
Continued 455554 jeer eeask TESS ee Mes ee AR 2 50.0° a 
GUGM fae neo roy ca at ie eee tat | 2 | ao} =U PORN case ey SS Saco de- 
DAOCTE a eee te PRN Gea oe 2 ea f 42.0°) i 1,580,000, 000 | _10 
DEES Sas ARNT RES tet Sehr Bick ae VAN, eg! g % ]y azocg]| 15.0" { 1,730,000,000 {| 9-210 
BOOS Ate ree, yh a oliwirig fuk 8 \ 32.5° 870,000,000 | 
POCA Mia tis Ie RMnee RCE EAS eRe «tae ath j 4 | Bee} 3.0° { 390,000,000 } sage ioosa 95 
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ed and finally interfere with the normal functions of the cell. The ex- 
istence of such compounds has been shown by Zae Northrup* in the 
effect of different lactic bacteria upon the typhoid bacillus. 

The fermenting capacity of all these cultures is quite low. Even after 
the first neutralization, the fermenting capacity of Strain II is not equal 
to the one in the preceding experiment (6.4 and 6.9x10-'° mg). This is 
however, due to the incomparable data. In the former experiment, 
the time of observation is four hours, and in these first hours, the in- 
crease of acidity is most rapid. If the data of Table VIII are figured 
for 24 hours, the average fermenting capacity is approximately 0.9x10 -1° 


mg. The fermenting capacity drops quite noticeably after the second 
Series 2. 
Time | Acidity Increase = 
Acidity after each neutralization. in ae fr of aos gee a 

nours.| mentation. acid. 5 
BATE ESS NL San ees gad eagle: npr (Dine me: { me t 61.0° \{ 820° 000, 000 f Sean nln! 
LG ek ee see BL | 75.0° | { 1,940,000, 000 | e459 
RON UE casts Tyee fy RR, etm rate deat 8 } 24 | 458 } 61.0° |* 3°090;000,000 5 | 3:3%20 
CLE RA ST rey tee lee We 70.0° 2, 280,000,000 | Sebag 
I lie Lo: Ogi ee ies tae cf Bile eae ERD } 24 | 0-09} 49.5° { 3° 300; 000" O00 J 0-910 

| 

gegen) 2 Cae] or 1 Brote: concen J] 0810-7? 
Crain ors fee th, | epee | y 70.0° 2,060, 000,000 | 
LEMP nie pet Be metals Aken ue ee y 19 { ae 6.0° ea sandler rat 
mo.0°. cee) 8 LE eae] 425° 1 3288-00000 f | 0-50"? 
Continued shu septee teste ss eS nee tise ee ) 70.0° Jf 2,060,000.000 
(Co Ng SE SARC cis a RE Hh y 24 { He 9.0° | 3°90;000; 000 } Sc 
Seed elena oe ee ee ty Oe oe ht anos eee OOO an otieg 
Wontinned eset amet cacy i ok eee cea s ] 52202 ° 2,480,000, 000 
(Lo gk Gk Let, NN ie at Aa eile IAG Wil AK j 24 sea 9.5 (cin ton aneik Be BSs oc 9 =< 
Pees ae ec oh ae a Oe 250°} 2, 100,000,000 _10 
oa aac (ie ei i ieee ee al \ 24 tae 19.5° Soe 0.3x10 
Covtinuedr tn tet ee oe ee eee 38.0° nu 
alg PAR ee eR Oe Mira arn OE oy } 24 { Be} eo Cc 
Steere ee ease 9! 2 ke ae 42.0° 1, 150,000,000 
ik ay cee ee a a ee ea ee Tec } 48 { Gee 16 .0° { Cees at oo iia gs 
EOE Eee ha oe a 30.0° } > |S 730,000,000 10 
Os aR ee aaa a Smee oe } 24 are 7.0° 4 440: 000,000 0.2510 


*Michigan Agric. College Experiment Station Technical Bul. No. 10, 
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TABLE X.—Development of Strain IV in Milk Repeatedly Neutralized. 


Series 
5 Time 
Acidity after each neutralization. in 
hours. 
(UG, OP) HEBEN:. 2iab Se abies cas HMO elnaty veep 2.49 eebi eee Eork 
SEERA ROE > ea Rae op MOAR ole ies eG it hams 
BUA aie tL MASS, VAR EL ae | 74 
TEDACINT BUR Midaibhr havaianas hints kG Nord Oot aID Th Vi op 
dd PUD pnchonhe ibrar, SHeRnre ontrack soon une. f 54 
BU aR A, Coyicrs Mh enh Thon Hite rals, oleiin shales vO\poetaat ae ‘ 
RI | MOURA sa su deal hes }| 42 
ae ° 
BUDS Fes cepUstovary rahi sivaesions inition corns D4 
(Gi{e) shop leb t= © MORRIE OURO SION MORI yey 
CLOG saciid ae AMIS fis til oh a j| 4 
CONbINUNE s sas soties. ss obntes neon | 
TNE Me ROR Recs Uacictt schavehdis yn wulte gate bart j; 8 
(OOMEINNOU esis btu pve ML Fok ofara, coe oleh MORaare ‘ 
OGRE OE, CHAM AB tuitions kG B Tah Te yee IRS } 24 
Series 
‘Time 
Acidity after each neutralization in 
hours, 
CLOSORIUNBSU i> added fe nateaes 4 ate te ; ‘coh 
TOES oh aet eu ie, Shank i-wanicnsy Eee 
ABT: BS tive tov tiie i655 Lote is eR s| %4 
CSA CAINS i xca tune Oey NUR ek aha eo Voate sus tteatay are a Tan aay | 
CZ ie j| 5h 
Liu bos mir nsw nerd nataca | 
TA a ae GOS SCR a a ny ed | 1% 
EDAD oti dav INEST Ot ee PON Aaa ue YEN | 
TES SR Ra RIE RS s| 74 
DDRNUGO, 53 se Suelo doit alds a al ag 
A ap Re eee {| 24 
CMR hy voy Win Pv oy sia 1v a 'y'9 Ab D2 ao slbw'd old whip awh | 
FEST RCA Me St 5 OS A te A sj, #8 
We Oe ETL IOP EL PM i eb OPER EW eee RTE i. 
SLC a aie ami i Ast Re PRE RAE abt f| 


up 


Acidity 
alter fer. 
mentation, 


f Be | 
| 90.0° 


{ 57.0° | 
590° f 
{ 620° | 

64.0° f 


52.5° | 
53 0° f 


—_ 


= } 
S 

as 
ce 


oa 


16.0° | 
170° 


20.0° | 
20.5° f 


aS eos 


2. 


Acidity 
aftor fer- 
mentation. 


f 90.0° | 
| $9.0° f 


{ #: 
J 32, 


{ 39.5° | 
40.0° f 


13.5° | 
{ 15.0 J 


Increase 
of 
acid, 


740° 


§2.0° 


50° 


47 .5° 


Increase 
of 
acid, 


74.0° 


13,0° 


60° 


rir 


4.0° 


Number Pormenting 
of bacteria, capacity, 
{ 1,810,000, 000 | , 
1,370,000, 000 
{ 1,170,000,000 | 
( 1,2205000;000 {| 1:7*10 
f 1, 360, 000,000 | 
. 1470;000,000 {| 05x10 
{780,000,000 | 
| 830,000,000 {| 95x10 
340,000,000 |.ccscccveees 
{ 80,000,000 | 
|. 140) O00 000 fp |vitea cues 
Number Fermenting 
of bacteria, capacity, 
{ 2,010,000, 000 | 
|. 2,120) 000;000// 2" rae eas 
{ 1,570,000,000 | W 
\ 15610000,000 (| 05x10 
{ 1,410,000,000 | Tt 
| 1.570,000;000 [| 9-810 
1,220,000, 000 10 
{ 1 Fon Gon’eoo 0.4x10 
10 


{ 1,070, 000,000 | P 
1,110,000, 000 f ; 


{ Op 000 oo} 
» 100,000,000 


HXPHRIMBNT STATION BULLYTINS, AGH 


neutralization, and then decreases very slowly with Strain Il, while 
Strain LV proves to be more sensitive, 

The conditions of these five series correspond largely to the condi 
tions Which Duclaux chose for his determinations of the “activity” (Cp. 
3). His data cannot be compared with these however, since he paid 
no attention to the time element. Tis cultures were carried on for 
several weeks before the final acid was determined, 

The general conclusions from these experiments are that old eultures 
of lactic bacteria ferment again, if the cause of the retardation, the 
acid, is removed. The amount of acid formed anew is less after each 
neutralization and there is soon a point reached where the acid forma: 
tion ceases. This point varies with the different strains, No. IL reach 
ing the limit after having formed a total of about 860° acid, while 
No. IV stopped after having formed altogether about 200°. Another 
difference between these two strains is that the resistant Strain LL show- 
ed an increase of bacteria after neutralization while Strain LV showed 
a decrease from the start. The fermenting capacity is lower in these five 
experiments than in a fresh culture and continuously decreasing, faster 
with Bact. IV than with Bact, II. 


DEGENERATION OF OLD MILK CUL/DURDS. 


Another problem deserves attention in connection with the ageing 
of lactic cultures, namely the degeneration of starters by age. It is 
an old experience of buttermakers that starters lose their efficiency 
by long standing, Unless they are transferred daily, they acidify but 
slowly. It is well known, too, that milk cultures of Bact, lactis acidi 
die rapidly, and that laboratory cultures of this organism can be kept 
only by continuous transplanting or by refrigeration. Apparently, the 
prolonged action of the lactic acid has some unfavorable influence upon 
certain cell functions. In the following experiments, it will be shown 
that both the fermenting power and the reproductive power are reduced 
by age, i. @, by long exposure to their own products of metabolism. 
While in the former experiments, only the inhibitive cause was removed, 
in the following series the old culture is transferred to a fresh medium 
and, after transferring, the cells are not hindered further by their own 
products. Any differences occurring in such cultures will be inherited 
characters. 

Mor the first experiment, a pure culture was isolated from the starter 
used in Table LV. The average fermenting capacity had been found 
to be 32.5%10'me. This culture will be called Strain a. The experi- 
ment was carried on in the following way : 

Twelve flasks containing 100 ce, of skimmed milk were sterilized and 
named in duplicate, A, B, O, D, MW and I’. A was inoculated with 
Strain a and served as stock culture, and B, were inoculated from 
A after 24 hours, B with 0.01 ce, B, with 0.0001 cc, of A. After 2 days, 
VY and O, were inoculated from A. After 4 days, D and D, were in 
oculated from A, These cultures D acidified but very slowly, compared 
with # and O, therefore in the next inoculation, after 7 days, the amount 
of inoculation wis increased, 1 receiving 1 ce., and 1, 0.01 ce, of A. After 
13 days, the last inoculation was made, J’ receiving Lee, of A. 

In all these cultures, the bacteria were counted in the beginning and 

59 


466 STATE BOARD OF AGRICULTURE. 


after exactly 24 hours, with the exception of / which acidified so slowly 
that the first test was made after 36.5 hours, the second after coagula- 
tion at 60 hours. All results are compiled in the following two tables. 
The first one gives the numbers of bacteria and the acidities of the 
stock culture A at different days, the second shows the dey elopment of 
the sub-cultures. 


TABLE XI.—The Ageing of Culture A of Strain a. 


Age. Cells per ce. Acidity. 
( 1,120,000,000 
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Magee ae Neb oo WEE ARP Lc Rte ae orate ua ake Sie Ratayt A Ea ee Nick Se tees aietonirele neater i 594,000,000 f 108 .0° 
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VATE Ri Beatie SOC ch ee OREO ORD OTe Sara O aa irc ae emis ae Oes OosaC ue { 131,000,000 { 114.0° 
Sal 
,300, 
UGE Seas CO ARE aa Ae mRan nT COoO SEL end doce sete ition ce cn AaAaS case aaudanacerbak: 2,490,000 | 110.0° 
if 2,700,000 
3,500,000 
LaLa eee ites ies auee ee ee thes at Se eR RT ae es aa { Ee ? 


Table XII shows plainly a reduction of the fermenting capacity as 
well as of the power of multiplication. The fermenting power of the 
average cell is reduced to about ‘one-third or one-fourth of that of the 
original culture in good physiological condition. The rate of multiplica- 
tion is not so very much affected at first, but after 7 days it is very 
evident and after 13 days, the cells seemed hardly able to grow at all, 
one cell after being transferred into fresh milk requiring 8 to 10 hours 
for dividing. Since both the fermenting power and the reproductive 
power are thus reduced to about one-fourth of their original activ- 
ity, the efficiency of the old starter will be only one sixteenth of that 
of the fresh starter. 

In looking at the colonies of the lactic bacteria on the gelatin count- 
ing plates, it was easy to be seen that not all cells had been affected 
in the same degree. The plates of young, vigorous cultures show all 
colonies fairly large and of the same size within three days. This is 
not at all true with the old cultures, the size as well as the rapidity of 
development is entirely different. As an illustration of this may be 
given the data from the plates of culture A, 13 days old. These plates 
were counted after 3 days and the duplicate plates showed 63 and 72 
colonies of fairly good size. After 7 days, they were looked over again 
and a great number of all sizes of colonies, from the ordinary full 
size to hardly visible ones was found. Counting all that could possibly 
be seen with the naked eye, 3,500 and 3,700 were found on the duplicate 
plates. 

This experience makes the exactness of counting donbttal at least 
with old cultures. There will be perhaps a large number of colonies 
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so small that they cannot be seen with the naked eye, others may not 
develop at all in gelatin, while they may do so in milk. But the in- 
fluence which this possible error will have on the results, does not affect 
the conclusions. If there are in old milk really more bacteria than we 
have counted, then the same amount of lactic acid would have been 
produced by a larger average number, that means the fermenting capac- 
ity of a single cell would be still smaller than recorded. The decrease 
of the fermenting capacity cannot be doubted, but perhaps the degree 
of the decrease may. 


TABLE XII.—Degeneration of Strain a in an Old Milk Culture. 


Number of cells. Acidity. Raterok 
Age of inoculum. a SEE pare 8 rs 
Beginning. | After 24 hours. ei 24 hours. (minutes) . 
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*After 36.5 hours. 
yA fter 60 hours. 


This slow growth in gelatin and the small size of the colonies com- 
pared with those from young, fresh cultures is remarkable, if we con- 
sider the number of generations necessary to build up a colony. When 
the old culture A was transferred to the fresh sterile milk, the bacteria 
had the very best chance for multiplication. But they did not multi- 
ply readily. Then they were transferred to lactose gelatin, but even 
there the colonies developed slowly. In sample /, for instance, there 
were 12,900 cells in the beginning and 80,000,000 after 24 hours. This 
means eleven or twelve generations under the very best conditions of 
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life; and yet, in these 12 generations the bacteria had not yet recovered 
from the long sojourn in the old sour milk. Then this culture was 
transferred into gelatin, for counting. It takes about 20 generations to 
make from one cell a colony visible to the naked eye. But most of these 
colonies were so much smaller than those of the young, fresh cultures, 
that we must conclude even 30 generations have not been sufficient for 
the bacteria to recover. Similar phenomena are found when bacteria 
have been very nearly killed by poisons, and in an experiment carried 
on by the writer six years ago where bacteria had been exposed to 1,000 
atmospheres of pressure, the colonies grew very slowly and never even 
approximated the size of the colonies in the control samples. 


REGENERATION OF A DEGENERATED CULTURE. 


It-seemed worth while trying to ascertain how long a time and how 
many generations would be necessary for the old standard of growth 
and acid production to be reached again. To this end, a series of in- 
oculations was made from F' to H, from H to J, from J to A and from 
K to L. Im all these cultures, the number of bacteria and the acid 
produced were determined, the results are given in Table XIII. With 
culture H, there must have been something wrong, since the acidity 
after the first 24 hours of growth rose so little in the following 12 
hours. The culture L, inoculated with 0.01 cc. of the culture K, was 
coagulated in 20 hours and had after 24 hours, the high acidity of 83°. 
At this point, the experiment was discontinued under the supposition 
that the desired point had been reached. But this was not the case, 
for even in this last rapidly coagulating culture, the fermenting capac- 
ity was only half of what it had been before. The reason for this 
rapid coagulation was due to the larger number of cells per ce. The 
rate of multiplication was soon at the former standard of the original 
culture, or had even increased. 


TABLE XIII.—Regeneration of the Degenerated Strain a. 


l 
Beginning. 24 hours. 36 hours. 
Number.| Acidity. Number. Acidity. ee Number. Acidity . See 
Te ces eee Ee, | 
° 
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We obtain the following numbers for the rate of reproduction : 


a ee oe 94 minutes in 24 hours. 
68 minutes in 24 hours. 
| Pe eg arses 9-7 146 minutes in 36 hours. 
Hea ee 110 minutes in 24 hours. 
S81 minutes in 24 hours. 
| 106 minutes in 24 hours. 


The three best comparable numbers of H, K, and L, which were got- 
ten by the same dilutions, 94, 110 and 106, agree fairly well. But in 
all, the results do not check nearly as well as in those of the young 
cultures. That is not surprising; we have here the same experience 
which every plant breeder has; by continuous cultivation under nearly 
the same conditions a very homogenous strain is obtained. If no more 
care is given to this strain, it will lose the homogenicity, all kinds of 
varieties are found, and it takes a large number of generations to make 
up for the degeneration in a comparatively short time. In this particu- 
lar case, a new type had been formed from Bacterium A, a fast grow- 
ing, but slowly fermenting organism. 


TABLE XIV.—Degeneration of Strain IT. 


Number per ce. Acidity. 
Fermenting 
Age of culture. | ——_———————] capacity. 
mg. 
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The experiment on the degeneration of lactic bacteria in milk was 
repeated with Strain Il, with the same result. The decrease of the fer- 
menting capacity was not as great as with Strain a, but quite distinct. 
The number of bacteria in the stock culture A decreased faster than was 
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expected, and therefore the initial counts of D and E are rather un- 
certain. In culture C, the size of the colonies showed the same variations 
mentioned in the preceding experiments, and the variations increased 
with the age of the culture. 


VI. THE INFLUENCE OF FOOD. 


It seems reasonable to suppose a priori, that the fermenting capacity 
will be influenced by the food. It is well known that Bacterium. lactis 
acidi produces less acid in sugar broth than in milk. It is also known 
that certain strains produce larger amounts of acid in milk after the 
addition of peptone. Whether this is due to a faster multiplication or 
to an increase in the fermenting power of the single cell can be ascer- 
tained by computation of the fermenting capacity. 

The Influence of Peptone-—Experiments concerning the influence of pep- 
tone were carried on with the Strains II and [V. While Strain II 
shows very little influence (Table XV) Strain IV reacts promptly by a 
much faster and more vigorous acid formation (Tables XVI and XVII). 
All these experiments were arranged in the same way. 100 cc. portions 
of milk were sterilized discontinuously in Erlenmeyer flasks, some of 
them receiving 1 g. of peptone (Witte) before the first heating. The 
sterile flasks were inoculated with a measured amount of a young milk 
culture of the strain under study. Jn the first two experiments, dupli- 
cates were made, the difference consisting only in the amount of inoculum. 
In the experiment with Strain II (Table XV) the acidity and the 
bacterial counts were taken every 12 hours, and with Strain IV which 
develops much more slowly the data were obtained every 24 hours. 
The experiments with Strain IV were carried out by Mr. C. F. Barnum. 


TABLE XV.—Influence of Peptone upon Strain IT. 


Milk. Milk + 1 per cent peptone. 
Hours. i cae 
Bacteria per ce. | Acidity. pee Fermenting Bacteria per ce. | Acidity. et Fermenting 
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Table XV shows that Strain IT is affected very little if at all by the 
peptone. The acidities of the peptone-milk are a little higher than those 
of the plain milk, because the peptone has an acidity of its own, about 
3°-4°, The difference in the fermenting capacities in the two duplicates 
is within the limits of error. The rate of growth also shows no differ- 
ence. The final acidity of the peptone-milk is about 8° higher than that 
of the check, otherwise the four cultures are as much alike as can be 
expected in parallel cultures. 

Quite different is the action of peptone upon Strain IV. The slow de- 
velopment is illustrated by the fact that the milk cultures did not coagu- 
late in 48 hours, and after 72 hours the acidity was lower than with 
Strain If after 24 hours. The peptone-milk cultures, however, acidi- 
fied much faster even than Strain IT, and the final acidity is twice as 
high as that of the plain milk culture. The counts of the bacteria show 
about five times as many bacteria in the peptone-milk, indicating a faster 
multiplication in the presence of peptone. This is substantiated by the 
computation of -the rate of reproduction. The time required for one 
cell to produce two cells in plain milk compared with peptone milk 
is 118 against 99, 82 against 70 and 78 against 68 minutes in the three 
experiments. In every case, the reproduction requires less time in the 
presence of peptone. 


TABLE XVI.—Influence of Peptone upon Strain IV. 


Milk. Milk + 1 per cent peptone. 
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TABLE XVII.—IJnfluence of Peptone on Strain IV. 


Milk. Milk + 1 per cent peptone. 
Hours. | “ " : 
ate o : Rate of p 
Bacteria per ce. | Acidity. | growth venneaiy & | Bacteria per cc. | Acidity. eanth Fermenting 
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, if 425,000,000 59.0° | -4q729 | f 1,630,000,000 | 126.0°\ —10 
72 A Ree iee l 433.000, 000 | 595° f ERet eke cro 1.0x10 { 1,750,000,000 129.0° f Soin Gas 0.3x10 
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The fermenting capacity is higher in two cases with peptone and in 
one case without peptone, and the differences are not very pronounced, 
so it seems quite safe to state that the fermenting power of each cell 
was not altered materially while the reproduction was stimulated de- 
cidedly. The most remarkable effect produced by the peptone, however, 
remains unexplained. namely the higher number of bacteria and the 
higher final acidity. It is generally assumed that fermentation ceases be- 
cause the products of fermentation interfere with a continued activity of 
the fermenting enzyme. If Strain IV normally ceases to ferment at 
60° acid, why does it produce twice that amount in the presence of pep- 
tone? And why does only Strain IV show this difference while Strain 
II does not. The question could be solved by the assumption that in the 
presence of peptone, a more resistant lactacidase is formed, but another 
simpler explanation is possible, based on the law of mass action. It is 
known that, at least with some enzymes, the enzymic action will reach 
an equilibrium. If this equilibrium is disturbed by further addition of 
enzyme, enzymic action will continue for a certain time. In the case 
of Strain II, the number of cells and the amount of enzyme per cell was 
found to be constant, consequently there is a constant amount of acid 
produced. In the case of Strain IV, the number of cells in one sample 
is five times as high as in the other. The individual cells of each of the 
two samples were found to contain approximately the same amount of 
enzyme, consequently there is five times as much enzyme in the one 
flask as in the other. Under these conditions, the equilibrium in the 
two flasks cannot be expected to be the same. It is by no means certain, 
however, that the law which is found true with a few enzymes holds 
true with all of them, and it seems still doubtful whether the amount of 
fermentation products in a culture can be increased by adding large 
quantities of cells. 

The increase in the number of bacteria by the addition of peptone does 
not agree with the common assumption that the number of cells is limited 
by the accumulation of fermentation products. An explanation seems 
possible which at the same time helps to account for the results in an- 
other experiment. Strain IT is not affected by peptone, so we must con- 
clude it is able to provide for its nitrogenous matter in some other way, 
or it is not able to use peptone. Its development in milk seems to be 
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checked largely by the acid formed. Strain IV grows scantily in 
skimmed milk, but reproduces abundantly when peptone is added; the 
soluble nitrogenous compounds seem to be the limiting factor for this 
strain. This agrees with the results of the Tables VIII, IX, X, where 
pure cultures of these two strains in milk were neutralized; Strain IT 
showed an increase in number after neutralization indicating that it 
was largely the acid which interfered with the growth, while Strain 
IV did not multiply further even after the acid had been neutralized ; 
lack of available nitrogenous food seems to be a reasonable explana- 
tion for the behavior of Strain IV. 

The observation of Marshall’ and Marshall and Farrand* that certain 
bacteria are able to stimulate the acid formation of certain lactic bacteria, 
can be to some extent accounted for by the preparation of nitrogenous 
food for the lactic bacteria. Marshall himself has supposed this to be 
one of the possible explanations. The behavior of the Strains II and 
IV in mixed cultures make this explanation quite probable. Strain 
II showed in no case any appreciable increase of acidity in association, 
while Strain IV gave the following results: 


TABLE XVIII.—Associative Acid Production. 


| 
Cultures. Fresh. 24 hours. | 48 hours. | 96 hours. 
Ee CPTIV. lone Rik gee EL ee es 21° 51° 80° | 95° 
<s | | 
ERC acuENT VER EEN nicest meee ee ene tal a 21° 66° 90° | 93° 
Bact. lactis acidi IV + B. prodigiosus...............000cccceeceee cece eee. 21° 58° 99° | 113° 
FEI LU rc PACER Nd eT SET Fe i Me Oe a 21° 58° gi° 92° 
pe ee eh Sere eee ee 21° 26°) 27° 31° 
IBA prodigrosis AlOnece er ree eee ree ae ee ee ae Pi he 31° | 3D 36° 
Ba Waniecteat alone at ag ate oe ene eae ile DEI Pe OE ees eH 21° 29° | 22° 21° 


The Influence of the Absence of Sugars.—In this discussion of the in- 
influence of food upon the fermenting capacity must be included the 
degeneration of lactic bacteria in sugar-free or sugar-poor media. To see 
whether such degeneration could be produced by continued transplanting 
in broth, Strain a@ was transferred into a tube of meat-peptone broth, 
from this culture to a second tube and so on. The transfers were made 
daily. From the first, second, sixth and tenth cultures, milk was inocu- 
lated and the numbers and acidities of these milk cultures were deter- 
mined at the beginning and after 24 hours. The result is given in the 
Table XIX. 

There is a great variation in the fermenting capacity of the duplicates 
of the first two transfers which might be accounted for by the influence 
of the change of medium. After 6 days’ continuous transplantation from. 
broth to broth, the culture became adapted to the medium and the re- 
sults are homogenous. Since the inoculum was not the same in every 
case, the first cultures of A and B and the second cultures of C and D 


1Centralbl f. Bakt. II, Bd. 11, p. 739. 
*Mich. Agric.. College Special Bul. 42, 
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TABLE XIX.—Degeneration of Strain a in Broth. 


Number of cells. Acidity. - 
. Rate of 
Number of broth culture. <== — ae reprodiles 
Fresh. 24 hours. Fresh. 24 hours. 
; f 1,430,000, 000 f 69.0° 47)? : 
GAIL antharaces scan sehen alee neue oa teresa ee 
Sf 509,000,000 ey || JC 202 1-1 : 
37 \ 513,000,000 18.0 \ 19.5° { 3.1x10 61 min. 
1,690,000, 000 e720 ann Le P 
natig 3,200 { 1,950,000, 000 / 18 .0° 81 0° f 28 .2x10 64 min. 
pancetta kee Unlhtateete | Reis Ser ee (860,000,000 Bie ae 
181,000: |4 24° qar gen pay a lbEB® §.9°/ | 16-910 | 108 min. 
Oa rey are, OS Sm ony OR ea teh 
f 1,820,000,000 ° O02 gence en 
1,800 | 1,820/000;000 16.5 540° 15.4x10 72 min. 
235,000 |{ 2510-000, 000)) 16.5°|1 S2-0 1) 12.810 | 107 min. 
D1 ON ac Rs ek See olen noe 
2,350 { Pe 16.5° | 29.0° | 13.0x10 °° | 80 min. 


are most comparable, having about the same number of cells in the start. 
There seems to be a decrease in the fermenting capacity, the numbers 
being 24, 28, 15, and 13 respectively. The rate of production does 
not seem altered, the respective times being 77, 64, 72, and 80 minutes. 

One instance is very noticeable especially in the first transfers, namely 
that the cultures with small inoculum show a lower fermenting capacity 
than the ones with large inoculum. In all previous experiments where 
duplicates with different amounts of inoculation were tried, the smaller 
inoculum showed the higher fermenting capacity because it was de- 
termined at an earlier stage of development, before the retarding in- 
fluence of the accumulating compounds became so noticeable. See the 
beginning of subtitle V. The difference in this experiment is very strik- 
ing. 

Another experiment was carried on in the same way with Strain IT, 
but in this case the broth was made sugar-free by growing Bb. coli in it 
according to the Standard Methods of Water Analysis. At the same 
time, a parallel culture was transferred daily in milk as a check, and 
sub-cultures of this check were made corresponding to the sub-cultures 
from broth. The growth of the bacteria in the sugar-free broth was 
hardly visible, and at first 1 ce. of the 24-hour culture was transferred 
to the next tube. But after a few days’ trial, one loopful was found 
to be sufficient. The experiment was carried on for 31 days, and then was 
given up because the fermenting capacity of Strain IT did not seem to be 
in the least affected. 
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The only distinct difference in the behavior of the broth and milk 
transfers is the fact that in the duplicates from the broth culture, the 
smaller inoculum causes the smaller fermenting capacity while in the 
milk transfers, the opposite is true in every case. It is not easy to give 
a satisfactory explanation for this unless we suppose that in sugar-free 
broth bacteria lose the power of producing the acid-forming enzyme to a 
large extent, and it takes several generations to bring this power back 
to the original standard. 

For the study of the literature on degeneration of lactic bacteria in 
various media, see Weigman’s article in Lafar’s Handbuch der Tech- 
nischen Mycologie, Vol. II, p. 101. 


TABLE XX.—Degeneration of Strain II in Sugar-free Broth. 


Number of bacteria per ce. Acidity. 
Number of broth transfers. — = See 8 
Beginning. | After 24 hours. | Beginning.) 24 hours. 
f) 1,440,000, 000 o | { 65.0° eeaio 
2,300 {| t’sep cooreea | 27-0714 e7.o° | 23-7x10 
ute Mat ervie pte Bene «Dlr eatas we ens seat 
23 {| §40°000:000 | fy Ob aeneaie 
een { 1,520,000, 000 | lf 58.0°) Been 
| B50 eo Gy 000 17.0° | 4 34 ge | 21-3x10 
Soe ees 4 . {|} 321,000,000. f 21.0° 49720 
Ba | 220,000,000); One corns pitied 
i | 
on S| 1,370,000, 000 | | FANS Cone Waterers 
920 { 1,460,000, 000 { 17202 t 63.0° f 25.4x10 
{| 280,000,000 | lf 23.59) a a0 
9 | 317,000,000 17.02 | 24.0° f 21.2x 10 
| | 
| / ba dallleres 
: 1, 150,000,000 17 20° | ered 022 Bae ee 
| 950 +) 1'480;000, 000 17.0° | 62.0° f | 26-110 
dA eaet hye Ae at he ee ee 280, 000,000 17.0° PAVE W | ae —10 
10 { 304 000, 000 17.0° | 25.0°f | 29-5x10 
J) 1,620,000, 000 SuBOLOO lee 
1,090") | 1,680,000,000| 19-2" || 51.0% 4 | 29-0510 
SAE Oe ee te iis Se a | 
{| 249,000,000 J 16.0°) eit 
| 
- {| 1,650,000, 000. ( 6102 wae okO 
905 | 1/790, 000,000 8-05) wea ieeeee 
Se ne ee a oe ee pliers wl By, 
Seer aes ee ieee seal ape cry aoe 
{| 1,330,000, 000 56 .0° 10 
925) 4 | 50: yon GoD 18.5° |} 28-0 || 21.0x10 
re et eee iy eee RS 
of See oony | 18-8 4 se 5e | 20-5210 


*28 hours old. 
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TABLE XXa.—Check Transfers in Milk. 


Number of bacteria per ce. Acidity. 
Number of milk samples. =| a ae 
Beginning. | After 24 hours. Fresh. 24 hours. 
193.000 {| 1:400,000,000) | = 47 go | f 75-5°\| 99 431971 
(| 1,410,000, 000 f | 76.0° f 
A See ae ee ee eT EO, ee Ee ; 
1,930 {| 1,190,000,000|| = 47 go! [64-591] 95 o.19°2° 
| | 1,580;000;000 / | 65 .0° f 
183,000 {| 1:350,000,000) | = 47 go | 72-591) 4g 6x49°1° 
1,640,000; 000 | 745° f 
OFA ree mines We Aiea lah dnd | 
1,830 | Tee poo bea 17.0° Gee 98.3x10 |” 
132,000 {| 1:520,000.000\| = 47 go | { 71-591) 48 ox19°2° 
1/660;000. 000 / 725° f 
1D 1 Bee ra aca a IO IaL Ia orate cree | 
2201/1 egg gunieooy | alt Oral hae tney | toate 
| yn S ( 
134,000 {| 4280-00000) 130° | { 68-051 16.6x10°"° 
TSS oe Sone ean SR 2 eee ee Pa paseo 
1,349 {| 1,570,000,000\| 43 go | f 52-5°\ | 4g yxa97° 
(| 1,760,000,000 / 53.0 
| 
136,500 4 feee ono 13.0° ee 13.7x10° 
SD tote Mae Te Mo ORES wire eh 
1,805. { Peso gaye} 13.0° Dieaee 33.8x10 


Degeneration of old broth-cultures.—Since the two tested strains of 
lactic bacteria do not show much degeneration if transferred daily in 
sugar-free media, it was tried in the following experiments whether a 
continued sojourn in the sugar-free medium might have a more pro- 
nounced influence. The following two series, with strains IIT and IV, 
were carried out by Mr. W. W. Shanor. The milk culture was trans- 
ferred several times in sugar-free broth, and from the last transfer three 
flasks each containing 100 cc. of sugar-free broth were inoculated. After 
certain time intervals, 1 g. of sterile lactose was added to these cultures 
and growth and acid formation were followed closely. This method of 
adding lactose is better than the transferring into milk practiced in the 
above experiments since the latter introduces a new factor, the change 
of medium. 

The results are given in Tables XXI and XXII. Strain IT shows no 
change whatever in the fermenting capacity in 6 days; strain IV showed 
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TABLE XXI1.—Old Broth Cultures after Addition of Lactose: Strain II. 


Time after P 
A A oe Ohne Fermenting 
Age of broth culture. ae oases per ce.| Acidity. eae 
= | 
J 7,500,000 22a 
{} O hours. i 7,800,000 ee sistemas aero 
346,000,000 45 .5° -4n72 
16 hours. { 369,000,000 46 0° } 20.7x10 
GEN os ogo ARLSan In AUG ORE Aa och Or ooRar enn 26 2) can sac onan ae 350,000,000 50.50) Hp to” 
10UTS. | | 350,000,000 | 52.0° oe 
ASthourss |Soccr een scene { Bey 0.6x10” 
° 
0 hours. { in ee I ereiale eae aren 
247,000,000 42 .0° —10 
16 hours. | {Ir He ao | aa ge } | 25.6x10 
4 days... PT ee Ne ei ante, Roti aahn ee Hee ob rete tens } 
, 279,000,000 49 .0° 4719 
24 hours. { 280,000,000 50 0° } 3.2x10 
Ag Woure; ses. serce-n { Hes 1.0x10°° 
5,500,000 22 .0° 
0 hours. { 6,700,000 22 0° } Seated 
16 hours, | { 2171000 .000 | 4og0 } | 29.1x10 
(AGES Liss ono sendbool donbe opener mabe bhoteaodcneddcce Joccedeesce 
397,000,000 55 .0° —10 
24 hours. { 396,000,000 55 .0° } 1.5x10 
| AD NOUTSa getestesiatere are { bee 0.6x10°” 


little difference after 2 and 4 days, so the last flask was kept for 21 
days. In this time, a decided decrease in the number of bacteria had 
taken place, and the multiplication after the addition of lactose was 
not very rapid. No acid was formed in the first 16 hours, but this can- 
not be accounted for by a lack of fermenting capacity. The number of 
cells is so small that the total acid produced in 16 hours could not be 
detected by titration. It amounts to only 0.2°. From 16 to 24 hours, 
the fermenting capacity is normal. 

The experiments show plainly the necessity of sugar for abundant 
erowth of the lactic organisms. The final number per cc. reached in the 
absence of sugar was 7,000,000 and 20,000,000 respectively. Addition of 
lactose raised these numbers to 350,000,000 and 600,000,000. The long 
sojourn in sugar-free broth has very little degenerating influence com- 
pared with the action of milk (Tables XII and XIV). 
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TABLE XXII.—Old Broth Culture ajter Addition of Lactose: Strain IV. 


Time after : . 
Age of broth culture adding |Bacteria per cc.| Acidity. | Petmenting 
lactose. ; capacity. 
_ |{ 10,200,000} 225° | 
Ohours. | 13/500,000 | 22.5°f|--> 
fot ap hae. | Seah J} ye hours, | £591,000,000 | 47.091] 45 549-20 
Oe ieee oe A ao RANE Ca ticio ctl oe Aa Gm ania Aan pms artes ai 16 hours. | 594.000, 000 475° J | 13.2x10 
NW Wha _ | {530,000,000 TE! || 10 
24 hours. 540.000, 000 1 53 5° 1.3x10 
" | = 
J 21,600,000 Pp faye) Al 
| Ohours. |} 99’800/000 | 22 5° 
35 5 .0° | 2 
ALANS RA Sac Tics oasis ae RITA ats ey Sro tele aonsaua ge TA enacinyn ke Bye etce 16 hours. ee Ean 7.9x10 re 
| | 
. . | £669,000,000} 49.5°) aap 
| | 24 hours. 683.000. 000 50 0° f 0.8x10 


(| Ohours.| 300,000 | { 33-35 | 
|| | | 22. 
| | | | 
[eae a { 22.5° 
| #h | = 
SS ane RON Sa | 16 hour | 66,000,000 | 225° { 
| | 24 hours. 415,000,000 (25 Go| 1aedelglae 
| | 
|| 48 hours. | ni ES tp | 55 .5° 1.6x10 a 


VII. THE INFLUENCE OF TEMPERATURE. 


The formation of acid by lactic bacteria is known to be caused by an 
enzyme, lactacidase. This enzyme remains within the cell, but it acts 
largely independent of the cell that produced it, and may continue its 
activity even after the death of the cell. Knzymes have their maxi- 
num, optimum, and minimum temperatures. Whether or not the opti- 
mum temperature of the enzyme and the optimui temperature of growth | 
coincide, has never been determined. It is possible, but not necessary. 
The determination would be very difficult unless the computation method 
is used. Even then, the experiments would require much time. A series 
of incubators for parallel experiments would be indispensable. 

The only data on the influence of higher temperatures upon the de- 
velopment of the lactic bacteria are the following two experiments car- 
ried on in the dairy laboratory of the University of Géttingen, six years 
ago, with the assistance of Professor R. Iwazumi, now in Morioka, 
Japan.* Table XXIII gives the data obtained with a very slow grow- 
ing bacterium in lactose broth at 35°C. 


*A few other experiments by Professor TIwazumi are not published here except in the 
averages of all strains in Table VI. 
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TABLE XXIII. 


Age. Par eer ail eaee Meee 

KD GHEBEY Coys Scie tere ey ect) ay aia Rt hg Pach ncestiy, (oP BL a/a tile LOOM teiceach eee eee 
SS ea eS ales et tal hoa eee ees 46,000,000 | 93.6 mg. | 81.0x10” 
“OT eek pat A TE od A Win Sa ee eT 50,000,000 | 68.4mg.| 5.7x10 °° 
‘Oar eed Rothe oe Spat ER ME eT LE oe wt aR we Ve el ah Ce 30,000,000 | 72.0mz.| 4.0x10” 


The fermenting power of the same organism at 20° was found to be 
24 « 107°. The increase of 15°C. has increased the fermenting capacity 
to nearly four times its normal amount. 

In another experiment, tripilicate milk cultures were kept at 30°C. 
and tested every six hours. The result is shown in Table XXIV. The 
variation in the fermenting capacity for the first six hours is readily ac- 
counted for by the inaccuracy of the titration. The total amount of 
acid formed during the first six hours is practically within the limits 
of error which makes the data unreliable. 


TABLE XXIV. 


Hours after inoculation. 4 ater a 
opr a Number eae, Vumber os Pre Vumber 
Acidity . of bacteria. | Acidity. of bacteria. Acidity . of bacteria. 


OWepsrericrec csteiier Cite settee Wir cela - 18 .4° 17,700 | 18.4° 17,700 | 18.4° 17,700 
(Oooh Da One Sich URERA PES a OO AEee 22 .0° 95,700,000 | 20.4° 115,500,000 | 20.0° 180,500,000 
Dee pereciy sts eialnrer ata nates ws csafel aps sya ejarsier sts 48.0° | 6,660,000,000 | 54.4° | 6,120,000,000 | 54.0° 6,700,000, 000 


ANCL cae ES eC PSO ta ei e ty eee «arg Ss 96.8° | 5,400,000,000 | 95.6° | 5,300,000,000 | 98.4° 6, 480,000,000 


These numbers give the following fermenting capacity: 


Hours. 1. 2. 3. 
eS Soteck cue eas i ON ed Wie SOR LL SR Od RS 70.0x10°” | 32.9x10° °° | 17.7x10°°° 
Ce ee ee ee. WE ot ihe CR ee Cr 3.6x10° | 5.1x10 | 43x10 
_10 =10 —10 
1 POY EIN Nite aes OR OGSOE De og EIS EC SERIE oe orni & ORGS OrRCIAIe Te oe eee eae 0.6x10 | 0.5x10 0.5x10 


No records are on hand to compare these data with those obtained 
at room temperature. The rate of reproduction is decidedly decreased, 
only 25 to 29 minutes being required for one cell division during the 
first six hours. 

The data on the influence of temperature are too incomplete to allow 
any detailed conclusions. The increase of the fermenting capacity with 
the temperature is evident. It is the object of this paper to point out 
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the possibilities of the application of the fermenting capacity rather than 
to exhaust the subject. 

One of the most interesting chapters, the influence of oxygen, cannot be 
discussed because the few data obtained do not suffice for any conclusions. 
It is the author’s aim to present this paper more as a suggestion than 
as a fact. It has been mentioned already that there is chance for im- 
provement in the mathematical formula. Other criticisms might be 
made on the interpretation of some doubtful points. But altogether, the 
principal idea seems to be a valuable means to obtain information about 
cell life which, without this method, can not be obtained. 


CONCLUSIONS. 


It is possible to compute the amount of acid formed by a single bacter- 
ium cell in one hour, accurately enough to recognize decided changes in 
the fermenting capacity. 

The computation requires nothing but the number of bacteria at the 
beginning and the end of the experiment, the time of the experiment and 
the acid formed in this time. All these data can be determined easily 
by the customary laboratory methods. 

The amount of acid formed by one cell? in one hour was found to be 
in young milk cultures in the average of 57 determinations with various 
strains, 0.0,000,000,018 mg. or 18 « 107°mg. This is approximately the 
weight of one single cell. 

There is no experiment on record to prove that in the first stage of de- 
velopment the multiplication takes place without fermentation. As soon 
as a determination of fermentation products is possible, it shows the 
fermentation per cell to be the faster the younger the culture. 

There is a distinct difference in the fermenting capacity of different 
strains. The weakest strain had an average fermenting capacity of 
7.4 < 107° while the strongest strain averaged 32.5 X 107° mg. per cell 
and hour. 

The fermenting capacity decreases with the age of the culture, and 
even if the acid is neutralized the fermenting capacity is lower though 
fermentation takes place again. Old cultures acidify slowly, even if 
transferred into fresh milk, the rate of multiplication is also influenced 
by long sojourn in the same culture. 

Peptone stimulates the acid formation of certain strains, but only by 
increasing their numbers while the amounts of acid per cell remain un- 
altered. Other strains show no material influence of peptone. In sugar- 
free broth, they develop very slowly, but the fermenting capacity is nor- 
mal if lactose is added. 

Temperature influences the fermenting capacity very decidedly. 


1As counted by the plate method. 
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DIVISION OF BACTERIOLOGY AND HYGIENE. 
Technical Bulletin No. 10. 
BY ZAE NORTHRUP. 


FOREWORD. 


Producers of milk and sanitary officers are not infrequently confronted 
with the disposition of milk which is under suspicion because of possi- 
ble typhoid infection. Creameries and cheese factories as well as fer- 
mented milk drinks have been suggested as outlets where other means, 
as pasteurization, or other avenues are closed. Accordingly, the con- 
crete subject, bearing upon the viability of B. typhosus in milk under- 
going lactic fermentation, is advanced. It is the purpose of this bulletin 
to answer the questions involved in this subject as fully as is possible. 

The variability in the actions of varieties of lactic organisms upon 
B. typhosus proves exceedingly interesting and pertinent. Bact. bul- 
garicum with its high acid qualities does not seem proportionately as 
effective as the more common types of lactic organisms. 

CHARLES E. MARSHALL. 
61 
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THE INFLUENCE OF THE PRODUCTS OF LACTIC ORGANISMS 
UPON BACILLUS TYPHOSUS. 


This study was undertaken primarily for the purpose of establishing 
the maximum longevity of the typhoid bacillus in sour milk, but from 
necessity, it has involved problems of technique. 

Previous investigations have dealt mostly with the longevity of B. 
typhosus in sweet milk; a few only, with sour milk, buttermilk, butter 
and cottage cheese. 

Soncerning the longevity of B. typhosus in sour milk, buttermilk, ete., 
Barthel? says: “Typhoid bacteria increase in milk and remain alive for 
twenty-five days without a decrease in number due to the formation of 
acid in the milk,” and further “they themselves contribute to this acid 
production.” “In butter, typhoid bacteria are found after ten days, 
especially in butter which is strongly acid, as this enclosed sour brine 
is a good nourishing medium.” 

On the other hand, Bassenge’® has attempted to show that during the 
process of cream ripening, the lactic acid produced by fermentation 
organisms serves to diminish the number of typhoid bacilli present in 
the cream; and after the cream is thoroughly ripened and churned, the 
butter after being worked will contain no living typhoid organisms.” 

The greater number of investigators agree that the lactic fermenta- 
tion in milk has a deleterious effect, both upon the vitality and long- 
evity of the typhoid bacillus. According to Bassenge,’® Behla* and 
others, when milk, buttermilk, ete., reaches 0.4 per cent lactic acid, ty- 
phoid bacilli are killed within 24 hours, although Frankel and Kister 
found them living even after 48 hours. 

It has been the purpose of the author to deal with the life of B. ty- 
phosus in sour milk only, limiting the problem in the first experiments 
to the ascertaining of the amount of lactic acid necessary to check, 
diminish the number of, or entirely destroy them. 

In a preliminary test, measured portions of lactic acid were added to 
a definite volume of sweet milk in order to produce varying amounts 
of acid milk in which to grow the typhoid organisms. After a thorough 
test, this procedure was pronounced unsatisfactory as the addition of any 
quantity of acid diluted the milk and produced a curd quite dissimilar 
to that produced by lactic organisms; then, too, other products of lactic 
fermentation would not be present in this case to influence results; also, 
when adding pure lactic acid to milk a certain amount combines with the 
casein, leaving only a portion of the total acid free to act upon the 
organisms. 


BHaeperiment I. 
LITMUS LACTOSE CALCIUM CARBONATE AGAR MEDIUM. 


In the following test, the lactic organisms were allowed to produce 
their own acid and B. typhosus was grown in association with it in 
sterile milk. Plates were made from time to time as the milk was 
souring to determine the increase or decrease of typhoid bacilli. 
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It was not possible to adhere to natural conditions for the develop- 
ment of typhoid bacilli introduced, as the lactic organisms growing 
in milk, their most favorable nutrient medium, soon outnumbered the 
typhoid bacilli, necessitating consequently high dilutions for satisfactory 
plating; the comparatively few typhoid bacilli entering through natural 
infection would be lost sight of entirely in this way. Because of this 
condition, the milk was inoculated with a large number of the typhoid 
organisms and with comparatively few of the lactics. 

After a few hours incubation, plates were made in ordinary agar from 
the combined culture. The 24-hour colonies on these plates were in- 
distinguishable from one another unless microscopic examinations were 
made. 

At this point, it was evident that a medium for differentiating the 
typhoid and lactic organisms was necessary. To this end, litmus lactose 
agar containing calcium carbonate in suspension was tried for plating. 

This experiment was carried out at some length to determine the effi- 
ciency of the special plating medium. 

Method of Procedure.—The agar for this experiment was made accord- 
ing to the methods advocated in the “Standard Methods of Water Analy- 
sis, 1904,” for the preparation of litmus lactose agar. 

To the clear filtered agar was added 1 per cent of a solution of Merck’s 
purified litmus and washed calcium carbonate in the proportion of 3 
grams to 100 cc. of agar.* This was stirred until the calcium carbonate 
Was in even suspension throughout the agar, which was then immediately 
tubed and sterilized. 

The medium for the typhoid-lactic culture was freshly separated milk 
obtained from the college dairy. Its acidity to phenolphthalein was 
tested and recorded. Each lot of milki was +15°. 

200 ce. of the milk was poured into each of several 375 ec. Erlen- 
meyer flasks and sterilized. Fresh broth cultures of B. typhosus and the 
lactic organism were used in inoculating the milk fiasks. 

The broth cultures were transferred to the milk flasks by means of 
sterile 1 ce. pipettes. Dilutions for plating and counting were made in 
sterile salt solution. 

Plates were made directly from the broth cultures in order to deter- 
mine the number of typhoid and lactic organisms introduced. 

After inoculation, the milk flasks were placed in the incubator at 
37°C. Having previously found that, B. typhosus persists in milk after 
curding, the flasks were allowed to remain in the incubator until the 
milk had curded, before plating. 

The acidity of the milk at the time of plating was determined, and 
recorded with the day and the hour of plating. 

The counts are recorded in the number of organisms per ce. of milk. 

Colonies which could not be differentiated were identified by their 
characteristic growths on other media and by microscopical examina- 
tion. 

The culture of B. typhosus used in the following experiments was trans- 
ferred from the laboratory stock culture and Bact. lactis acidi (lab.) 
was isolated from sour milk by one of the laboratory assistants. 


*In preparing a second lot of agar, calcium carbonate in the proportion of 1 gram to 100 
ce. of agar was found to give sufficient density and enable the subsurface colonies to be 
seen more easily. 
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In Tests Nos. I to VI inclusive, litmus lactose agar having calcium 
carbonate in suspension, was used for plating. 


TABLE I. 
DIFFERENTIAL COUNTS ON LITMUS LACTOSE AGAR + CaCO; 


Number of bacteria in each 
cubic centimeter of milk 
Acidity of at the times specified. 


culture at bs 
Number of test. Age of combined culture. time of 
estimate. + : 
B. typhosus. pare aa 
{ Olhoursta.osncieseceoseeraeiacer 15° 181,688 20,688 
Yoo Ripe oRGcl pases none: adr agosto Oo hours Ut (8: BAIT Aen 67° 1,000,000 | 717,500,000 
OiHours aire conce pee oa ene eats 152 3,750,000 130,000 
LNT, pete Se eee rs POs or tee Ns Bayan tote State ateyag 2 | 1G 2 5vhOUES a-5-eirce eae teer eae 49° 2,375,000 65,575,000 
T9lrourse ee conc eos oas ss ores 59° 2,800,000 136,675,000 
i Olhours).-4cwvis len ohree eee 15° 1, 260,850 149, 625 
Wl L7E OUTS. heciosaskece poe ae eects Liyhe 1,375,000 112,470,000 
Blip erainci 33 Se 2p aac O2D | Oe Niouta dias. yee eee eee 66° 20,000 | 25,200,000 
AQP OUTS: Seecinec cece eee ce em se lon None. 6,675,000 
{ Othtourssnerncccn oorcat nis eee tie 3,375,000 134,125 
INC iB GRO RICE SEAS ET IC aE Ag Soahiouens, i334 kh 60° 1,100,000 | 229,170,000 
Ohotrs 2646s bene cees arene 152 86, 250 328,540 
Vig Meo ene ane on Sine ee AS NOUS Sobre cece eases ponioe thse None. 136, 750,000 
ASINOUrar eRe nonce ees 76° None. 49,000,000 
Qhours'sanccerrcie en cee tec. 15s 325,415 351,500 
WT = cre rtorara crototboicrs A heesomrave teeteeteves WSFIROUES sore tor< cietae esd Aavenvers tates 69° 5,500,000 695,500,000 
D3 HOUEB ee ioe man rete Cee Oneeee 79° None. 166,470,000 


From the counts recorded above, it may be concluded that the acid 
produced by the lactic organism has an inhibitive influence upon the 
typhoid bacteria. The conditions, however, under which this experiment 
was performed were not wholly satisfactory, and the above conclusion 
can not be deemed as final. 

The litmus lactose agar containing calcium carbonate was not wholly 
satisfactory as a differentiating medium because of the difficulty in 
counting the typhoid colonies. The sub-surface colonies were often-times 
scarcely discernible on account of the suspended particles of the calcium 
salt. The surface colonies of B. typhosus were moist, translucent and 
bluish rendering them, also, seen with difficulty. 


Eaperiment LI. 


BILE SALT MEDIUM. 


In water analysis, a bile salt medium is often used for differentiating 
B. typhosus and B. coli. McConkey® states that “Bile salt media inhibit 
most of the organisms found in air and soil when the incubation tem- 
perature is 387°C. and over.” He uses lactose in combination with the 
bile salt to assist in the differentiation. 

Relying on the efficiency of this medium for differentiating B. typhosus 
from air, soil, and other microérganisms, and working under the supposi- 
tion that lactic bacteria would respond in much the same manner as 
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the classes of bacteria mentioned, a bile medium was prepared and tested 
for trial by plating pure cultures of typhoid and lactic bacteria. 

Preparation of the Bile Medium.—Owing to the fact that no form of 
bile salts, sodium taurocholate or glycocholate, were available at this 
time, bile from a freshly slaughtered ox and sheep was substituted. The 
agar was made in two lots, using the bile of the ox for one lot and that 
of the sheep for the other. 

This medium was prepared as follows: 15 g. of agar was soaked in 
500 ec. water over night. In the morning 20 g. peptone and 5 g. salt were 
dissolved in 100 cc. hot water and added to the agar, which had been 
digested previously. 20 g. lactose dissolved in 400 cc. hot water was 
added next. This was divided into equal parts (500 cc. each); to one 
was added the bile* of the sheep, to the other the ox bile* (about 30 ce. 
each). 

Just before filtering, 1 per cent of a standard solution of Merck’s puri- 
fied litmus’? was added to each lot of agar. 

Broth cultures of the Bact. lactis acidi (lab.) and B. typhosus respec- 
tively were plated on each lot of the litmus lactose bile agar to test its 
efficiency. The respective colonies could be distinguished readily from 
one another. The presence of the bile in the medium seemed to inhibit 
the growth of the lactic organism almost entirely. 

Two or three lactic colonies developed upon the ox-bile agar, none upon 
the sheep-bile agar. The lactic colonies upon the ox-bile agar were very 
small, round and transparent, resembling a minute drop of water. For 
positive identification several of these colonies were transferred to broth, 
incubated until signs of growth were shown and then transferred to 
litmus milk tubes. The typical lactic reaction took place within 24 
hours. 

The typhoid bacilli grew well upon both lots of this agar; both the 
surface and sub-surface colonies were easy to differentiate from those of 
the lactic. 

This differentiation being quite satisfactory, the same experiment was 
continued, making duplicate plates in ox-bile agar and in “calcium-car- 
bonate” agar. The counts for Bact. lactis acidi (lab.) were taken from 
the calcium-carbonate agar and for B. typhosus from the bile agar. 


*The gall bladders were obtained from a freshly slaughtered carcass of a sheep and an 
ox and were brought to the laboratory under sterile precautions, broken separately 
into sterile deep culture dishes, and placed in cold storage until used. 
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TABLE II.—Summary of Tests VII-XII Inclusive. 
DIFFERENTIAL COUNTS ON OX-BILE AND CALCIUM-CARBON ATE AGAR RESPECTIVELY. 


| Number of bacteria in each 
| i cubic centimeter of milk 
Acidity of at the times specified. 
culture at 
Number of test. Age of combined culture. time of —— 
estimate. 
Bact. lactis 
B. typhosus. acidi (lab.) 
ONA OURS 9 cee ease 15° 2,034,575 268 , 293 
Wee oe etd SOR YA 1 MAB SE NE PPA OTN losrigpcciige seid acinnge acoA 73° | 119,000,000 290,000,000 
Gc SINOUTSi sree 4 oasa aaceerdee amon 82° 11,000,000 Counts lost. 
Olhours: eee: ee aes eee 152 1,898,000 1,580,000 
WWIII drainer ashe ext Wee ciae sone eee etter nL 2d MOULE tt cee nis iano ice acer 62° 24,467,000 352,000,000 
AG SHOUTS: theta eee. ote erls 68° None. 424,000,000 
; QUIOUTS vr eee ncaa woe eee 152 5,025,000 3,550,000 
ICS sone eas ae Oooo RAD DOR GEESE ES sel DUNMOW fo.28 ese hiss be ove Depths Matas 61° | 107,000,000 229,800,000 
AT OUTS tee crane sci aaion oe 70° None. 300,000,000 
; QUNOUTS}ht oes oo ee ee 152 1,775,000 1,675,000 
EE ae as eR Zak Lid orca eh QSINOUES: rete ors Meanie Eee 68° 35, 200,000 334, 100,000 
AG NOU cee sae bites Bae eee 80° 650,000 97,000,000 
BIE Se Oe Pe hae RE it eee tee Silas Olhours:. «kitties tacsepaa tere tek. 15° 2,385,000 1,426,250 
Sohourss eo eee er enne (ple 6,500,000 118,000,000 
XI Afi) PWG eee onsdenno enc sbedcosac 15° 2,215,000 1,677,500 
SISO OO IORRIOIG TSE Ba A OO EGO EE 0 QOITOUTS oe er eae ne eee 64° 5,400,000 115,000,000 


From the above table, it will be noted that the lactic acid produced 
by Bact. lactis acidi (lab.) becomes inhibitive to B typhosus from 24-48 
hours after inoculation when the acidity at that time has reached 68°- 
SOO or over. 

It will be noted also, in this table, that a higher degree of acidity and 
a longer time exists before the inhibitive effect takes place than in the 
previous table. This is easily accounted for by the fact that more ac- 
curate results were obtained by use of the check plates. 

Tests I-XII were carried on with Bact. lactis acidi (lab.). As we were 
desirous of obtaining other types of lactic organisins for comparison with 
the one used in the above experiments, through the courtesy of Dr. 
Heinemann and Dr. Hefferan of the University of Chicago, we were fur- 
nished with several cultures of lactics. 

The following are the names of the lactic organisms used in the sue- 
ceeding experiments: 

Bact, acidi lactici, Hueppe. 

Bact. acidi lactici, Novy. 

sact, acidi lactici No. 1. 

3act. acidi lactici No. 2. 

Strept. lacticus. 

At this time, several different lactic cultures were received from Dr. 
Harding of the New York Experiment Station at Geneva. Only one was 
used in the following experiments, Bact. lactis acidi, Harding. 

As the supply of ox-bile agar was exhausted at this time, the third 
lot of experiments was carried on with sheep-bile agar. 

It will be noted also that the number of typhoid and of lactic micro- 
organisms on each medium is recorded, 
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At this point, it might be well to note some of the characteristics of 
the lactic organisms used in the following experiments. Bact. acidi 
lactici, Hueppe, Bact. acidi lactici, Novy, Bact. acidi lactici, No. 1, and 
Bact. acidi lactici, No. 2, produced gas and an offensive odor in ordinary 
broth; no gas or oder was produced by Strept. lacticus and Bact. lactis 
acidi, Harding. All the above microérganisms produced acid in litmus 
milk and eventually curded it, taking from three to eight days for this 
to be accomplished. The first four lactics mentioned, grew abundantly 
on agar; Bact. acidi lactici, Novy, and Bact. acidi lactici, No. 1 were 
motile. 


TABLE III.— Differential Counts on Sheep-Bile and Calcium-Carbonate Agar Using Dif- 
ferent Lactic Bacteria. 


O. A. = ORDINARY AGAR; S. B. A. = SHEEP-BILE AGAR; C. C. A. = CALCIUM-CARBON- 


ATE AGAR. 
Number of bacteria in each cubic centimeter of milk at the 
times specified. 
Acidity of 
Age of 
No. of test. comb cerareiat Medium. Lactic organisms. 
culture. . 
eSuImate B. typhosus. = 
Count. Designation. 
| 
Ohours...... 15ePROSAe cera 5,175,000 2,523,750 
NCTM Dba orverace 64° SBS Alay. oe 600,000 No record Bact, acidi lactici, No. 2. 
23 hours..... UCSC Ane 8,500,000 | 583,300,000 
Ohours..... Toe CORAL ess. 7 5,175,000 1,058,750 
fs seasons 66° (Seb Raters: None. |1,706,500,000 +} |Strept. lacticus. 
23 hours..... EOC: Aart c None. 465,830,000 
Olhours: =. 15 OT OAs aera 4,675,000 1,103,750 
Veneer 63° fa BatAsace,: 100,000 1,400,000 ; | Bact. lactis acidi, Harding. 
23 hours..... ChCIA ice 6,000,000 | 253,670,000 
Qhours..... SOU OWA Ss ver 3,231,250 275,000 
D.'h [eencrs 61° SBA oc 19, 230,000 559, 330, 000 Strept. lacticus. 
23.5 hours... : (C.C. A None. | 558,500,000 
Ohours..... Wa | Ob Ee cece ane 1,456,250 1,800,000 | 
Df Lire are 64° SOB WAR ie 26' SOs OOO) lence se ee Bact. acidi lactici, Hueppe. 
50.5 hours... , UW OAUCHY NER e oc dae anne 34,500,000 
{| Ohours..... 152 OL IA aaa 2,043,750 1,425,000 4 
DAUD eae es 4 50° {USP BOA cope 9,500,000 | 410,000,000 } | Bact. acidilactici, Novy. 
| | 23.5 hours.... ORTON. eernar 57,000,000 227,000,000 
Ohours...... Poo ee OwAte eiavaterers 2,043,750 2,280,000 
50° SSSR ARR ieee 38,500,000 | 324,000,000 
MDX ope 24 hours...... VOR CAR ae 40,000, 000 90,000,000 Bact. acidi lactici, No. 1. 
63° (SSB ASE Se) None. None. 
Oihoursaeerr : UCR CRY a None. None. 
Ohours..... 15 2am Ol AV rss esters 2,043,750 2,715,000 
64° SSB Ayer 85,500,000 602,500,000 
), © Sangeet 16 hours..... WCC AV yer: 86,000,000 | 450,000,000 ¢ | Bact. acidilactici, No. 2. 
67° tM Asie ne None. None. 
|| 91hours..... UGH OCA Eee: None. None. 


| 


All of the lactic bacteria in Table ILI grew vigorously on the litmus 
lactose bile agar, some producing so much acid that the typhoid colonies 
were colored red also. 

In every case, higher counts for B. typhosus were obtained on the cal- 
cium-carbonate agar than upon the bile agar and in nearly every case 
greater numbers of lactics were found upon the sheep-bile agar, which 
results are the reverse of those summarized in Table II. 
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This bile agar did not prove to be a successful differentiating medium 
for any of the lactic organisms except Bact. lactis acidi (lab.). 

In only two tests in Table III was the purpose of these tests accom- 
plished, Nos. XIX and XX, in which the typhoid germs (also the lactic) 
were killed somewhere within 91 hours at 63°-67° acid. 

These results, however, were utilized later, in further experiments. 

A summary of Tables I, IJ, and III, with regard to the decrease in the 
typhoid content is found in Table IV; with regard to the total destruc- 
tion of the typhoid bacteria, in Table V. 


TABLE IV.—Decrease in Typhoid Content. 


Acidity of 
Number of test. Time after inoculation. milk at the 
time specified. 


INNIS shee fee cvens fo Nard re aie Tora ale Weave eh Beloi alee Oereiate Lie Utne WeaacpednnacccenoncHecnabaucedocancone 49° 
1) RO ee are ene Ine ah irri Se APE enaee cre DOA OUES ee oeeraee alae ise ieee etekeeieiee 66° 
I Beets Go CIC nE aS aE SOCIO BEM TOCIGC ECT CAC era 22) BNOUrs ease een Nee eects cee te etact 60° 
OU eseaurmoeoc:oucoccdaabaoonacecesacaodon acdc TO phours suerte k ne eee aes eee eat 82° 


ONG Sahara Re eae odin Nove ane eee nett semen meNee AG ANOUNS essores loti eoc ici Anhouion Meee es SET ees 80° 


The typhoid bacilli were all killed in the experiments noted in the 
following table: 


TABLE V.—Total Destruction of Typhoid Bacteria. 


Number of test. Time after inoculation. are 
time specified. 
100 (EA ER eran He ee a et ancien a OteC AOA OUTS... eaetck teens sale ae ee ioe enero dow 
\WVogoanososesacodsaasedadansNsacnonusnoounssocns UH tile eee ateroeretosbrsbatea dbaase sacc00n5 0006s oe 
1 (Re ya ee en een aS eih iors ameter ited QB OUTER cb Sits Geoale Bare eae olessteetiateysc< eae vialetlors 79° 
\AU Ul anipooosemone macs peace ticcddiasasangae sac AGH TOUTS ered on cietele 2 clots sisteee Sele oder siala inet Toleteee 68° 
1D: Gres Gann atte CHORE cena Cone pO adhe hoqoptor AT OUTER Messer iat eis etre eae ener eee 70° 
. 4 [fines p Gane San anen sand aoe Odo oooc osebonnoore SHOUTS sere erctetaeye tacos hao crattols eetaetete lelare aaron hers 66° 
0. OD San caida DOD CODGOnOn arEno aouODRoccaAonoRms eas DWH OUra eh vcsoe ae cane oe Sees sarsin aejedsre teselereio ners 63° 
RR era aheisrtctelate slats wie etotate/ shane ores vstereumers sleatereyosstareoreaaie (VE ant shesrbedassemadecotowhaucentdeocdasegode 67° 


The time element in the foregoing tests seems the most pertinent in 
comparison with the total extermination of the typhoid bacteria in the 
milk. In only two tests, Nos. VI and XIV, are the typhoid bacilli killed 
within 24 hours. In test No. III, there is a possibility of their having 
been killed in 2214 hours; in test No. V, the milk was not plated until 
43 hours had elapsed; in test No. VII, the acidity had not risen high 
enough at the end of 23 hours to kill the typhoid organisms; it prob- 
ably rose in a short time from 62° to 68°, but was not plated until 461% 
hours had elapsed; all the typhoid bacilli were probably killed a few 
hours after the milk reached 68° acid. In the ninth test, practically the 
same conditions existed as in the preceding one. 
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FILTRATION EXPERIMENTS. 


The unsatisfactory results furnished under Experiments I and II 
seem to demand a complete change of methods. The main difficulty 
heretofore, has been that of successfully differentiating the typhoid and 
lactic bacteria by the use of a special medium for plating. To obviate 
this difficulty, the plan was formulated of growing B. typhosus in the 
products only, of the lactic organisms. The hypothesis is, the products 
of the lactic bacteria and not the bacteria themselves exert a deleterious 
influence upon the typhoid bacteria. 

The most feasible way of carrying out this plan appears to be that 
of growing the lactic organisms in a suitable medium from which they 
could be easily filtered; the filtrate would thus contain their products 
in solution and, when properly controlled would be wholly free from 
organisms. The typhoid bacteria could then be introduced into this 
germ-free filtrate and plates made at any time in ordinary agar, thus 
making the use of a differential medium unnecessary. 

By a preliminary test, lactose broth was found to be the medium which 
would best lend itself to the abundant growth of the lactic organisms 
and permit of filtration of the cultures. 

Medium.—This broth was made by adding 114 per cent lactose and 
1 per cent peptone to the meat infusion. The first lot of broth was 
made +10°, the second +15°, nearer perhaps the average acidity of 
milk. The broth was then placed in 375 cc. Erlenmeyer flasks and steril- 
ized. 

Apparatus.—The broth cultures of the lactic organisms were filtered 
through a Pasteur-Chamberland “F” bougie used in connection with 
Novy’s filtering apparatus; Reichel’s filtering apparatus was also used 
in one or two trials. 

The lactic organisms used in this series of experiments were Strept. 
lacticus, Bact. lactis acidi (lab.), Bact. lactis acidi No. 226, Bact. lactis 
acidi, Harding, Bact. acidi lactici “Lactone,” Bact. lactis acidi (stock), 
and Bact. acidi lactici No. 2, and in addition, three new cultures received, 
in the meantime, from the Geneva Experiment Station, Bact. lactis 
acidi (from cheese), Bact. lactis acidi (from whey), and Bact. lactis 
acidi (from starter). 

Methods.—Two or three hundred cubic centimeters of lactose broth 
were inoculated with a known lactic organism and incubated at 37°C. 
The acidity of the culture was determined from time to time by titrating 
with N/20 NaOH. Each sample was boiled before titrating to expel 
volatile acids. The exact time of titration and the degree of acidity were 
recorded each time. 

When the maximum acidity had developed, the culture was allowed to 
remain at least 24 hours longer at 37°C. then filtered into a sterile flask 
(the bougie and flask had been autoclaved 10 minutes at 121°C.). 

When from 150 to 200 cc. of the broth culture had been filtered, two 
flasks of sterile lactose broth (50 cc.) were inoculated with 5 cc. of the 
filtrate and together with the filtrate, incubated at 37°C.* If no growth 
occurred in any of the flasks, a known number of typhoid organisms was 

*The check flasks were inoculated with the filtrate to allow the lactic organisms to de- 


velop if they passed the filter. They would probably not have been able to grow in the 
filtrate containing an excess of their own products. 
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introduced into the filtrate which was again incubated at the above 
temperature. 

The number of typhoid bacilli introduced into each cc. of the filtrate 
was determined as follows: A small portion of an 18-24 hour broth 
culture of B. typhosus was introduced into the filtrate by means of a 
sterile pipette. Three agar plates were then made, using 1 cc., 0.5 ce. 
and 0.1 e¢., respectively of the inoculated filtrate, and the average count 
taken after a sufficient period of incubation. After 24 hours a second 
set of plates was made using the same dilutions as before. If the 
filtrate had become turbid, dilutions of 1-1,000,000, 1-5,000,000 and 1-10,- 
000,000 were used for plating. 

If the second plating showed the presence of typhoid bacteria in the 
filtrate, a third set of plates was made, ete. 


TABLE VI.—Strept. lacticus. 


Number of typhoid bacilli per cc. of filtrate. 


: Acidity of Te 
Number of test. Age of lactic culture. lactic | Filt’d 
cultures. Introduced. Howe pale: Count. 
Discarded 
I If) OMG, vooosdesasasue 10° \ ay check flask 
SMe sk AES aa Sleede2ihoursereesesceieaeee 70° contained 
Strept. lac- 
ticus. 
Discarded 
f OjHouns*ereeeeeeeee oe 10° check flask 
llisocose ep odes qeacoeenee (PUM Goaqoaseaen: 58° + contained 
| AD day8 cst kets noe 58° Strept. lac- 
ticus. 
Ohourshsehees eee 10° 
GOihoursseee sce scr eeee 54° 
INN 28 Sone aoe oe ae ae a cos, : Bere 60° + 191,700 | 19hours..... None. 
1ours. . 63 
(Ole2oahourshersciee see acee 64° 
Ojhourse=cas-eeeeises 10° 
ViAeR Roe Reece. ee ote TOMOUES ene). eee eet 68° + 58,650 | 22.5 hours... None. 
IZO\houns seem ce ee 68° J 
( Owours fener ose 1529) 
VeEEErecT mts ms fe HOUrs vctreesaceet 60° + 106,000 { re . hours.. . oe 
OUNOUNS Bi. steers eis tse 60 OUIB) see one. 
(ale OOPSIMoUrse ee emer ate 60° 
( On ourg thr dees 1G) 
\AlisSaitracunrcucn Sacmrereac i 28 2 NOUTS ae chee 60° + 198,450 | 26.5 hours... None. 
490 Nhourss-aveenseeces 61 
CO NG igo\Gs dbaaer as 61° 
{ Ofhtourgsne eo eee oe 152 
WATS Ait cetnc cee cohiatorinents 28 2 ours... bereasee 61° + 247,000 | 26.5 hours... None. 
JU) ceMinian en acoceosear 61 
(RV MLOO ES HOURS eerie ens 61° | 


Number of test. 
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TABLE VII.—Bact. lactis acidi (lab). 


491 


Age of lactic culture. 


0 hours 
168 hours 


0 hours 
600 hours 


0 hours 
120 hours 


d90vhourses-. ce wee 


Acidity of 
lactic 
cultures. 


Filt'd 


Number of typhoid bacilli per ee. of filtrate. 


TABLE VIII.—Bact. lactis acidi (from cheese). 


Number of test. 


Age of lactic culture. 


0 hours 
240 hours 


0 hours 
120 hours 
192 hours 


0 hours 
72 hours 
168 hours 


Acidity of 


Introduced, | Hours after | Count, 
Discarded, 
26 hours..... None 
59,550 { 53 hours..... None 
Fs 24 hours..... 183,000,000 
82,830 { Not plated. 


lactic Filt’'d 
cultures. 
10° 
50° \ + 
10° 
41° =f 
41° 
10° 
48° + 
48° 


Number of typhoid bacilli per ce. of filtrate. 


Hours. after 


TABLE IX.—Bact. lactis acidi, No. 226. 


Number of test. 


Age of I 


291 hours 
339 hours 


actie culture. 


Acidity of 
lactic 
cultures. 


Filv'd 


Introduced. acealatint Count. 
26 hours..... 9 
57,340 { Not plated. 
: 24 hours..... 1,310,000 
156,000 { Not plated. 
136,700 { 25 hours..... None. 
48 hours..... None. 
Number of typhoid bacilli per ce. of filtrate. 
Introduced. Rouse Count. 
25.5 hours.. . 197,700,000 
64,800 { Not plated. 
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TABLE X.—Bact. lactis acidi, Harding. 


Number of typhoid bacilli per ce. of filtrate. 


Hours after 
inoculation, 


47.5 hours... 


24 hours..... 
46.5 hours... 


Count. 


Number of typhoid bacilli per ce. of filtrate. 


Hours after 
inoculation. 


Count. 


29 .5 hours... 
Not plated. 


Number of typhoid bacilli per cc. of filtrate, 


Acidity of 
Number of test. Age of lactic culture. lactic Filt’d 
cultures, Introduced. 
Othoursh see ee 10° 
epee eel ee 216 hours. ......s00.... 49°} 4 106,780 | J 
BIS hour: c.f 45° \ 
( Othourstccsomecsee eos 10°} 
‘ ignore ei Felt ae 38,920 | { 
ey Ge ae pee ee Ni el O2shoursenereeeeeoeen es 54° 
| PAS) oii) Ae SemBenacoae 54° 
OlhourssAnee sect 10° 
Tipe eee nce WBiioursl on risen eee 60° $| + 79,290 | { 
168j;houre se eeeee eee 60° 
( a hours eerste cts tee 5 
4 se)/NOUPS, 15) ecvevene ins cece 6: 
in ae ee ee ona nee ae >| _ 58,950 | { 
ld pLOOESihoursseyeereeeere 62° 
if A pours Bet Seatasiate avec ae } 
! } .5 hours. 
Th.) ee ee ih sceo neues: ei) ae se 9,960 | { 
We 100%5 hours: acianeeee 60° | 
TABLE XI.—Bact. acidi lactici, ‘‘Lactone.”’ 
Acidity of 
Number of test. Age of lactic culture. lactic Filt’d 
cultures. Introduced. 
on pours Losca one ineccains oe } 
ROUTES ieraeeiee oe 
Does ieee eee eee 1ODhourse oe snesece io) om 178, 650 { 
Z8Sihourseeeecnweciooeee 40° 
TABLE XII.—Bact. lactici acidi (from whey). 
Acidity of 
Number of test. Age of lactic culture. lactic Filt’d 
cultures. Introduced. 
Olhioursi cee neces 10° 
O6ihoursee cee eeeeoeere 40° f 
ha SUSUR aC sao E IiHGiea saoobsooadeye 45° + 57,000 f 
2647 bi hoursne nee ce 48° 
Ol5inourss soar occa 48° 
Ojhours\eccceacce ee 10° 
96:5 HOUNS!...cctene eo ces 34° 
We rereteralata Sreeshe ce Rat ies AGGihOurse heen oeee 36° + 139,500 { 
264-5 Hoursss cenaecisee 40° 
SIG HOUraee echacere neo 40° 
OjHOursee ion we ostenee 10° 
ee ae ee 66.5hours............ 42° (| + 209,250 | { 
164 DYNOUTBE steele wets seis 47° 
lie2ibihonrgtinc.ceee cect 47° 


*See note under Table XVII. 


Hours after 
inoculation. 


22.5 hours... 
51 hours..... 


19 hours..... 
Not plated. 


22.5 hours... 


Not plated. 


Count. 


11,610 
*11,780 


38,700,000 


Uncountable. 
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TABLE XIII.—Bact. lactis acidi, (stock). 


Number of test. 


Number of test. 


Age of lactic culture. 


265) Nourssrecsns-co- sos oss 


Ohoursey scesecwesse 


WENOUPB sc Soe teces 


Acidity of 
lactic 
cultures. 


Filt'd 
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Number of typhoid bacilli per cc. of filtrate. 


Introduced. 


Hours after 


inoculation. 


221,500 


43,650 


2,390 


74,250 


47,700 


§ 25 hours... . 
( Not plated. 


§ 25.5 hours... 


| Not plated. 


ae hours... 
49 hours..... 


aa hours... 
49 hours..... 


TABLE XIV.—Bact. lactis acidi (from starter). 


Age of lactic culture. 


OGihoursirtes deco scares 
200 hourstecmcceeceece: 


Olhoursas'd..cistenre note 


Acidity of 
lactic 
cultures. 


None. 


None. 
None. 


None. 


None. 
None. 


None. 
None. 


Filt’d 


Number of typhoid bacilli per cc. of filtrate. 


Introduced. 


69, 300 


22.5 hours... 
37,350 ee plated. 
8,240 


33,700 


Hours after 
inoculation. 


ee hours.. . 


Not plated. 


ie -5 hours.. . 


Not plated. 


ae hours..... 


Not plated. 


Count. 


None. 


None. 
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TABLE XV.—Bact. acidi lactici, No. 2. 


Number of typhoid bacilli per ce. of filtrate. 
Acidity of ee 
Number of test. Age of lactic culture. lactic Filt’d 
cates, Introduced. | Hours after | Count. 
Ojhtoursese- check eee 10° 
- x 24 hours..... 12,170 
ee Speen A aR ary Soe aioe None. 
Olhourseere ce eere ee 10° | 
a 19 hours..... 50 
TGS ke, re ee fo eee J ee oes rare eenshhe ae + 212,400 ee None. 
Ulesibihourste eee cece 58° J 
Olhours'- pe ese ees 10° 
é ep | 19 hours... - 175 
a fstoowe: 66) | leet uae aiad aioura None. 
0 poe FA AG ees ARH 15° ] 
PAS AUNT og aloo eOO SAL 40 
2 4 24 hours..... 186 
aie ia Wie ee aes ars 72,00 135.3 hous. None. 
1Othoursiv sacereties 46° 
0 pours Raat p caer tre 15° 
QSeO Ours errr meraaare 41 
24 hours... .. None. 
a ere ere g0-Bhours... cso] MEE Bima Hop viet 
(il Olehourste- eee eeeer- 46° 
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The following table is a summary of Tables VI to XV. The experi- 
ments are arranged according to the degree of acidity produced by the 
lactic organisms. 

TABLE XVI. 


Number of typhoid bacilli per ce. of filtrate. 
Acid-| No. 
aby ot of Lactic organism. ; 4 : 
proth.| test. ntro- No. at 2nc No. at 3r AE 
duced. plating. plating. Remarks. 
Bye MS Bact aloes nerd (lap: moet eee 82,830 |183,000,000 | Not plated..| Increased in 24 hours. 
40° { II Bact. lactis acidi (from whey)........... 139,500 | 38,700,000 | Not plated..| Increased in 19 hours. 

I Bact. acidi lactici “‘Lactone’............. 178, 650 540,000 | Not plated..| Increased in 29. 5 hours. 
41° Il | Bact. lactis acidi (from cheese).......... 156,000 | 1,310,000 | Not plated..| Increased in 24 hours. 
42° II Bach lacdisiacidu(lan:)iassseeeeatee eee 59,550. | None.....-. None...... Killed within 26 hours. 
45° { I Bact. lactis acidi, Harding.............. 106,780 tea NONGH ee oe Killed within 53 hours. 

I Bact. lachs acidt, No. 226............... 64,800 |197,700,000 | Not plated..| Increased in 25. 5 hours. 
46° Ife webactactdiulacticr Non oe see ee 72,000 186 | None...... Killed within 46.5 hours. 

tileavs BACnacuilacteriINON ase ee asa 87,750 | None...... Not plated..| Killed within 24 hours. 
47° Ill | Bact. lactis acidi (from whey)........... 209,250 ;Uncountable.| Not plated..| Increased in 22.5 hours. 
Ill | Bact. lactis acidi (from cheese).......... 136,700 | None...... None...... Killed within 25 hours. 

48° I Bact. lactis acidi (from whey)........... 57,000 11,610 11,780 | See note* 

I Bact acid lacicy, No: 25 -.eesee see eeee 155,700 12,170 | None...... Killed within 49 hours. 
50° I Bact. lactis acidi (from cheese).......... 57,340 9 | Not plated..| Decreased in 26 hours. 
54° Cel |e Bach lactis‘aciis, Harding) sss. eee 88,920 | None...... None...... Killed within 30.5 hours. 

Wi TEE |) Bact:acidt lactic, No. 2...:.- 5. 2..-2-2 102,150 175) Noneseo cee Killed within 44.5 hours. 
58° II Bact. acuiilactict, No; 2x20... ..220-252 212,400 50 | None......| Decreased in 19 hours. 
59° I Bact. lactis acidi (from starter)........... 69,300 4 | Not plated..| Decreased in 22.5 hours. 

{il Vaan eSinenl: lacticus': apie are voles ore eee 106,000 | None...... None...... Killed within 22.5 hours. 
60°{ | II | Bact. lactis acidi, Harding.............. 79,290 | None......| None...... Killed within 29.5 hours, 

Uo Bact. lactis acidi, Harding.............. 9,960 oe None seers Killed within 46.5 hours. 

VAM Otrepilacticisi a SAcecece tees cone eek 198,450 | None...... Not plated..} Killed within 26.5 hours. 
Vis Streptalacicus cpr sccste oto eee See 247,000 | None...... Not plated..| Killed within 26.5 hours. 

II Bac: lachsiacids (stock) 2222... ono 43,650 | None...... None's 24. Killed within 25.5 hours. 
61° V Bich Aclis acids, (BLOCK) ae ere ee 47,700 | None...... None 4,055. Killed within 22.5 hours. 

Vi |) Bact lactisacuin (Stock) ~ see se oes ee 74,250 | None...... None...... Killed within 22.5 hours. 

Il | Bact, lactis acidi (from starter).......... 108,900 | None...... None...... Killed within 29.5 hours. 

V_ | Bact, lactis acidi (from starter).......... 33,700 | None...... Not plated..| Killed within 24 hours. 
62° IV | Bact. lactis acidi, Harding.............. 58,950 | None...... None......} Killed within 23.5 hours, 
64° TE Strepls Uicticusisn a. corte Aare crt ite 191,700 | None.....- Not plated..| Killed within 19 hours. 
65° III | Bact. lactis acidi (from starter).......... 37,350 | None...... Not plated..} Killed within 22.5 hours. 
66° IV | Bact. lactis acidi (from starter).......... 8,240 | None...... Not plated..| Killed within 25.5 hours. 
67° { I Bact, lactis acidi (stock)................ 221,500 | None...... Not plated..). Killed within 25 hours. 
TE | Bact! lachsacids (stock): ..-...2+---- +0 2,390 | None...... Not plated..| Killed within 25.5 hours. 
68° LV, «| Strept. lactious foe ace areyecds soe 58,650 | None...... Not plated..| Killed within 22.5 hours. 


*A fourth plating after incubation for 70 hours at 37°C. gave 14,700 colonies perec. After further incubation (95% hours) 
the broth had become turbid and dilution plates on litmus lactose agar showed approximately 24,700,000 red colonies and 8,700,- 
000 blue colonies per cc. of filtrate. A few drops of the turbid brothgintroduced into sterile litmus milk and kept at 37° 
produced acid in 24 hours and eventually curded the milk. 


From 50° acidity up to 68°, the lactic acid produced by several lactics, 
Bact. lactis acidi (from cheese), Bact. lactis acidi, Harding, Bact. acidi 
lactici, No. 2, Bact. lactis acidi (from starter), Strept. lacticus, and 
Bact. lactis acidi (stock) is strongly inhibitive to the typhoid organisms ; 
this is graphically illustrated in the following chart: 
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CURVE 1. 
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As seen by Table XVI, the same amount of acid as produced by differ- 
ent lactic organisms has a different effect on the longevity of the typhoid 
bacillus (see especially 45° and 48° acid). Whether this is due to the 
natural variation which takes place in different cultures of the same 
organism (see 46° and 60° acid) or whether it is due to the difference 
in the by-products other than lactic acid, of the different lactic organisms, 
is still a matter of question. 

However, a certain uniformity in the inhibitive effect of the fermenta- 
tion lactic acid is shown by Table XVI. From 60°-68° acid, the prod- 
ucts of four different lactic organisms kill the typhoid bacteria within 
from 19 to 30 hours, i. e., within 24 hours on the average. 


Killed within 22.5 hours. 
672 |) 221;5005| None... 0... Not plated..| Killed within 25 hours. 
67° 2;390 |. Nones.. 2.5.5.0 Not plated..| Killed within 25.5 hours. 


TABLE XVII. 
Neva Number of typhoid bacilli per cc. of filtrate. 
: No, | ity of 
Lactic organism. of | lactic 
; test. cul- rayeee fit é 
ture. | guced. 2nd plating. 3rd plating. Remarks. 
Bad, acidi lactici “‘Lactone”’......... I 40° | 178,650 540,000 | Not plated..| Increased in 29 hours. 
a el coe Ill oe 82,830 183,000,000 | Not plated..| Increased within 24 hours. 
Bad. lactis acid (lab.).-2-...-.... Wien ager lie poteeo' Nine Note Killed within 26 hours. 
4 II 40° | 139,500 38,700,000 | Not plated..| Increased within 19 hours. 
Bact. lactis acidi (from whey)... ... III 47° | 209,250 | Uncountable....| Not plated..| Increased within 22.5 hrs. 
I 48° 57,000 11,610 11,780 |See note *under Table XVI 
: II 41° | 156,000 1,310,000 | Not plated..| Increased within 24 hours. 
Bad, lactis acidi (from cheese). ... . Ill ASSN 136; 400 INONer..ssae.. None...... Killed within 25 hours. 
I 50° 57,340 9 | Not plated..| Decreased within 26 hours. 
I 45° | 106,780 23?| None...... Killed within 53 hours. 
: II 54° 88,920 | None.......... None...... Killed within 30.5 hours. 
Bad. lactis acidi, Harding......... Ill 60° 79,290 | None.......... None...... Killed within 29.5 hours. 
Vv 60° 9,960 2|' Nene =... Killed within 46 5 hours. 
IV 62° 584950) | -Nones4-..-25- None...... Killed within 23.5 hours. 
IV 46° 72,000 186 | None...... Killed within 46.5 hours, 
V 46° S7AC50)| NONE ya ae Not plated..| Killed within 24 hours. 
Bad. acidi lactici, No. 2........... I 48° | 155,700 123170) Nones -ne- Killed within 49 hours. 
III 54° | 102,150 175 | None...... Killed within 44.5 hours. 
Il 58° | 212,400 50 | None...... Decreased within 19 hours, 
I 59° .| Decreased within 22.5 hrs. 
Il 61° Killed within 29.5 hours. 
Bad. lactis acidi (from starter)... . Vv 61° .| Killed within 24 hours. 
ll 65° ..| Killed within 22.5 hours. 
IV 66° .| Killed within 25.5 hours. 
(il WV 60° Killed within 22.5 hours. 
VI 61° .| Killed within 26.5 hours. 
Sireph, MACICUS = tas eee eae eee VII 61° ..! Killed within 26.5 hours. 
Ill 64° .| Killed within 19 hours. 
IV 68° .| Killed within 22.5 hours. 
II 61° Killed within 25.5 hours. 
61° Killed within 22.5 hours. 
Bact. lactis acidi (stock) 


I 
Il 


63 
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Table XVII is practically the same as Table XVI. It is arranged, 
however, to show: 

1. The relative inhibitive power of the different lactic organisms used; 

2. The relative inhibitive power of the different maximum acidities 
produced in lactose broth by one lactic organism. 

The use of Bact. acidi lactici “‘Lactone”’ was discontinued after the 
first test as it repeatedly failed to make more than 40° acid in sub- 
sequent inoculations into lactose broth. 

The use of Bact. lactis acidi (lab.) was discontinued for the same rea- 
son and although Bact. lactis acidi (from whey) produced considerably 
more acid than Bact. acidi lactici “Lactone” or Bact. lactis acidi (lab.), 
its inhibitive power was very weak and consequently it also was dis- 
carded. 

Bact. lactis acidi (from cheese), Bact. lactis acidi, Harding, and Bact. 
acidi lactici, No. 2 illustrate the minimum acidity which destroys typhoid 
bacteria, which is about 45°-46°, or 0.4 per cent lactic acid. This de- 
struction takes place in from 24 to 53 hours according to the above tables. 

Observations.—The maximum acidity produced in lactose broth by 
one lactic microérganism varies with each inoculation. To illustrate 
this, the following table has been compiled from Table XVII. 


TABLE XVIII. 


Acidity in degrees. 
1 ' Nunber |e 
Lactic organism. of inocula- 
tions. Degrees 
Minimum. | Maximum. of 

varlation. 
SiG i at ULE) ie See eee SRCBO Eee or Bisa siaarametr aber acaaoae seo 2 Soe 42° 10° 
Bactilactis acids (irom Whey) i252. <2 n= e ae ces ohinec ae se cneetinns tee 3 40° 48° 8° 
Bact Wiactis acias (from! Cheese) 2 2-. «<i so+s rc.ce eine et eed ewer dase seeass 3 41° 50° 9° 
ACP MICHIE CIAL ATL ARGUNID S), ee ene ace sage, o eae te re ee eet ee ee 5 45° 62° Via 
SACU: ACUIRILECLECT: INO Deicide cacrocre pia ee Ge aie oe Sn. sini eae, ea erare eK 5 46° | 58° 12° 
Bact. lactis acids (from;starter)).-..2. «- .20cmasowea none vee orien oes ewig 5 59° 66° Nic 
EE ie Tt Ree ee ose Ee ae as gaa Res Sear 5 60° 68° g° 
Bacon aces Acie (BLOCK) 0 5.ce.c tot nau te cee Ga Cees wae Se pee ete orate 5 61° 67° 6° 


As a rule, the initial number of typhoid organisms present in the broth, 
whether large or comparatively few, does not influence the number 
found at the second plating, whatever the acidity of the broth; 
e. g., at 46° acid, the broth flask containing the fewer Bact. acidi lactici 
No. 2 still contains an appreciable number at the second plating (24 
hrs. after inoculation), while the other flask having the greater initial 
number, contains none. (See Table XV). This also illustrated at 40° 
and 48° acid and in a different way at 45° acid, (see Table XVI), shows 
the comparative germicidal properties exercised by different organisms. 
If lactose broth contains 50° acid or more, a steady and rapid decrease 
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in the number of organisms introduced takes place, seemingly irrespec- 
tive of the greater or lesser initial number. 


Experiment IV. 


Further experiments in the filtration of the lactose broth cultures of 
different lactic organisms were carried on for the comparison of the acid 
produced by each with regard to their relative germicidal powers. Ow- 
ing to the length of time which elapsed between the inoculation of the 
filtrate with B. typhosus and the second and third platings, the time in 
which the destruction of the typhoid bacteria took place was not suffi- 
ciently defined. This was remedied by plating at 7, 24, 51, 48, etc., hours 
after inoculation. 

Organisms.—The lactic organism, Bact. lactis acidi (from starter) is 
now a weak lactic, while Bact. lactis acidi (from sour milk) represents 
the typical lactic; Bact. acidi lactici, No. 2 produces acid and gas in 
broth also in milk; Bact. lactis acidi, 53 B2 is a lactic acid-producing 
organism isolated from a sample of milk which contained nearly 2 per 
cent lactic acid; it also possesses the power at times of producing slimy 
milk; Bact. bulgaricum was isolated from a culture of Yoghourt imported 
from Holland. 

These microérganisms were taken as a fair representation of the most 
common diverse types of lactic organisms. 

The outline for this experiment differs somewhat from that in the 
previous filtration experiment. 

Medium.—In the first two or three tests 1144 per cent lactose broth 
(+18°) was used; broth (+15°) containing 5 per cent lactose was 
used for the concluding tests as being nearer the lactose content of milk. 

Method.—About 200 ce. lactose broth (+18°) was inoculated with the 
lactic culture and incubated at room temperature (21°-25°C.). The 
acidity was tested from time to time, and when the culture had reached 
40° acid or thereabouts, it was immediately filtered. The filtrate was 
separated into two parts by means of a sterile pipette, and transferred 
into sterile flasks, every precaution being taken to keep it from being 
contaminated. 

Both flasks were incubated at 87°C. for 48 hours to give any organisms 
present a chance to assert themselves.* 

If no growth occurred in either flask, one was inoculated with a known 
number of typhoid germs, the second flask being sealed and kept for 
control. 

The time for plating was kept as nearly constant as possible, the time 
being, 7, 24, 31, 48 hours, ete., after inoculation of the filtrate. Plating 
was continued as long as the filtrate remained clear or until the typhoid 
bacilli were all destroyed. 

The plates were kept at 37°C. for 24 hours, then at room temperature 
for 48 hours before the final count was taken. 


*Check flasks (as in note, p. 489) were not necessary as the lactic organisms were not 
allowed to produce enough of their own products (i. e., their maximum acid) to inhibit any 
organisms which might pass through the filter. 
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TABLE XIX.— Bact. lactis acidi (from starter). 


Age of lactic culture. 


PDAS HA Ooo Boe 
Sle sours! ee eeeeE ee 
Aj hours setae 


PASHOUIS Ss tee nicn ee 
OS hours: 24.2 pense 


VAC SOUS ose e eee eerie: 
A GGsHOUTs eee eee eee 


2lesvhourse.: ee eee 
ATHOINOUTSo: sence 
ZOMOUTSe eee caccnioes 


*Five per cent lactose broth used in the eighth trial. 


tPlates so contaminated that an accurate count could not be made. 


Acidity of 
lactic 
culture. 


GROWN IN 13 PER CENT LACTOSE BROTH. 


Number of typhoid bacilli per ce. in filtrate. 


Age of culture. 


240 hours) see ose take 
ARS es 5aecenL aboee 


Count. 


19,860 
37,935 
Uncountable. 
Uncountable. 
Broth turbid. 


Uncountable. 


Number of test. 


EXPERIMENT 


STATION 


BULLETINS. 


TABLE XX.—Bact. acidi lactici, No. 2. 
GROWN IN 1} PER CENT LACTOSE BROTH. 


Age of 


21 hours 


47 .5 hours 
70.5 hours. 


94 hours 


23 hours 
28 hours 
48 hours 


*Grown in 5 per cent lactose broth. 
tSee note 7 under Table XIX. 


lactic culture. 


Acidity of 
lactic 
culture. 


34° 
33° 
34° 
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Number of typhoid bacilli per ce. in filtrate. 


Age of culture. 


OF HOURS. cries cae 


119 Nours)ayses aeons: 
126 ours) pee acne ec 
AAS Ours hie esccre ete 
168 hours es5 seh eeee 


58,050 
65,500 
Contaminated with molds. 
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TABLE XXI.—Bact. lactis acidi, 53 B2. 
GROWN IN 134 PER CENT LACTOSE BROTH. 


Number of test. 


Age of lactic culture. 


a9zbihourstaeeeiwencisc 
AVA NOUTSHE seas eee 


L12ioursA see oo eee 


Za NOULSea eee ereaccicte 
AGINOUTS Ase ei meee 
62j;hoursh. eee eaecee 
TSOUTS nee eo 
O9vbIhours’ ee ee seins eae 


DThours'snyeac seein re 
ATED WOULS eter eel-1-/e 
ZOPSINOUTSE eee eee 
OAthoursinceeie cence & 
118ihoursese seers 


ZBINOUUSmaRe Renee 
28 hoursicerteneeeeee acc 
A4Sihoursaeerece eis 
(lihoursh scene een = 
OGihourshieeerer eis 2 


*Grown in 5 per cent lactose broth. 


Acidity of 
lactic 
culture. 


Number of typhoid bacilli per cc. in filtrate. 


Age of culture. Count. 
Introduced............- 11,106 
WAROUTS sich senor 9,118 
QaTOUNSs teen eee Broth turbid. 
Antroducedaenwe reser 1,253 
(eOiuten dpannenenop 1,762 
QANNOUTS esereeta sian 1,400 
32 hours 1,596 
48 hours 1,368 
55 hours 1,145 
76 hours 1,393 
96 hours 2,088 
103 hours... 4,475 
120 hours. 36,090 
127 hours. 63,945 
144 hours. 75,060 
151 hours... 105,390 
168 hours Uncountable. 
Introducedssesseneeee 7,700 
MAN OUEB Har orem cistiencke None. 
ZANOUTSo eco neeere None. 
Sluhourshe cence ee None. 
ASihOurshecieiciise steerer None. 
Introducedis ener eat 381 
2hourshe eee cee None. 
4d OUrB Ne nerene ee None 
Glii\ittingosonsoabodae None 
Sthoursiccrioese eee None 
Introduced............. 765 
JNOUTBE techn eet 20 
QahOUTSstetseesoeriscioets None 
Sihoursive cc o.cuss cect None 
ARINOUTSE Ae esse ee None 
OMOULS serene None 
(PAO poet wooonocoed None 


Iv* 


VIt 


TABLE XXII.—Bact. lactis acidi (from sour milk). 


Number of test. 


EXPERIMENT STATION 


BULLETINS. 


GROWN IN 14 PER CENT LACTOSE BROTH. 


Acidity of 


Age of lactie culture, lactic 
culture. 

(MR2Sthourss see at eee. 18° 

EVI ip en oeor-copene Syfe 
( 
| DaNOUrS) Leer 33° 
j Sohourss<. Ayes eee oe 42° 
l 

ZOM5 NOUTEE sera ne eereeees 42° 
| ZPSINOUTS here ona 39° 
| 
(a2Sihoursiy. seer oso-1ec Me 
| Z2Sihourss seen sec 35° 
| 

4S ROUIS eeieiecis oe oes 44° 

FOMOUTS eter tee vnioceos 51° 
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Number of typhoid bacilli per ce. in filtrate. 


Age of culture. 


144 Nourse ee Some ee: 
168 hours Scere. 


WeNOUTEAAD Se as oes 
ZAHOUTE sk re eeeee 


24 hours 
31 hours 


24 Nourse chen ores 


OGihours eee oe 


MOI oursisce een 


*Grown in 5 per cent lactose broth. 


Count. 


Uncountable. 
Broth turbid. 
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TABLE XXIII.—Bact. bulgaricum. 


GROWN IN 5 PER CENT LACTOSE BROTH. 


| 


Number of test. 


Age of lactic culture. 


AT DINOUTE eae cee te 
ZOeSthourseeeectencet es 
O4 hoursin.wcmceh eoter 


48 NOUrs eid Grses aces 


Acidity of 
lactic 
culture. 


Number of typhoid bacilli per ce. in filtrate, 


Age of culture. Count. 
introduced -eeeeer eee 53,580 
24 hours: ssesee eee 880, 
SIMMOUTS sso ese oeae Broth turbid, not plated 
Introducede ee en saseere 18,360 
12hGurse seen eee 77,850 
2A hOUrE oe eee Broth turbid. 
Introduced). -crjeeiseae 6,288 

(HOUTSs: coe cmen hier ter 700 
24 HOUT = scutes bee 152 
SUOurs\. Sccuetsoeoee sa 85 
ASihourscaccascavcceee 1 
ESI Rhis od Sasrasaandos None. 


TABLE XXIV.—Summary of Tables XX-X XIII. 


Lactic organisms. of 


Bact. lactis acidi (from starter). . 


Bact. acidi lactici, No. 2*....... 


Bact. lactis acidi, 53 B.2....... 


Bact. lactis acidi (from sour milk) 


Bact. bulgaricum 


ER ae | 


Acidity of 
lactic 
culture. 


34° 
53° 


Number of typhoid bacilli per ce. 


No. of B. typhosus 


Introduced. Age of culture. present. 
19,860 | 24hours........ Uncountable. 
1,422 | 288 hours........ ne. 
5,626 | 99hours......... Uncountable. 
7,768 | 264 hours........ Broth turbid. 
2,413 | 144hours........ None. 
21,510 | 168 hours........ (See Table XX). 
11,106 | 24hours........ Broth turbid. 
1,253 | 168 hours........ Uncountable. 
765 | 24hours........ one. 
7,700 a nourser emcee None 
1 2NOUTSS circ cee None 
8,365 | 79hours........ Uncountable 
7,645 | 7Q9hours........ one. 
10,496 | 79hours........ None. 
3,8 WHOUPShcecek. None 
25813°|) 24hours: 3:. 2.2. None 
8,787 | 48hours........ None 
53,580 | 31 hours........ Broth turbid. 
18,360 | 24hours........ Broth turbid. 
6,280 | 48hours........ One. 


*These organisms produced their maximum acidity in each trial recorded. 


In the above summary, the following will be noted: The relative pro- 
duction of acid by the different lactic organisms Bact. lactis acidi (from 
starter), Bact. acidi lactici, No. 2 producing their maximum in each 
trial; the relative efficiency of the acid produced by each as a germicide. 
The germicidal power of each lactic is compared in Table XXYV. 
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TABLE XXV.—Germicidai Power of the five Lactic Organisms Compared. 


Acidity. Time. 
Bad. lactis acidi (from starter) does not kill B. typhosus..............-..0+-4- LN OE! heel ae A oP Within 288 hours. 
Bact. acidi lactici, No. 2, killed B. typhosus in 1 out of 3 experiments.......... AG SO csteciatrnatce paket Within 144 hours. 
: INGIOOS As devecnsteoss tae Within 24 hours. 
Bac lactis acta 5d Ba Killed Botyphosussscs= sesh © cece sl ec aenniso 2 26 2 BG 682 re :-feiniarai cine scsele Within 7 hours. 
INGE Di araystSia ote tao ieee Within 2 hours. 
Bact pulgaricum killed Bs typhosits + - ots .2e'< i leeeie a sive soe doe noe a INED SS Mayor nie ove cleree Within 55 hours. 
j At 37° (in 2 expts.).... ie 79 cour 
Bact. lactis acidi (from sour milk) killed B. typhosus..........s0.-++0+ee000- re = are ier ae oe a eae! 
y Nat Ree ec ...-| Within 24 hours. 


The following curve illustrates the above table. 
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INHIBITIVE POWERS OF THE LACTIC ACID 
DIFFERENT ORGANISMS CON'TRASTED. 


PRODUCTION OF ACID IN LACTOSE BROTH AND 
PRODUCED BY 


b c d e 
CURVE 2. 


a 


Acidity curve shows minimum acidity producing total inhibition. 

Time curve shows minimum hours recorded for inhibition to take place. 

* —QOne typhoid colony found at the time recorded above. 

a— Bact. lactis acidi (from starter). 

b= Bact. lactis acidi, No. 2. 

c= Bact. lactis acidi, (from sour milk). 

d= Bact. bulgaricum. 

e= Bact. lactis acidi, 53 B2. 

Conclusion: The time required for inhibition to take place is in inverse propor- 
tion to the minimum acidity producing inhibition. 
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TABLE XXVI.—Comparative Germicidal Power of Varying Amounts of Lactic Acid. 


Acid- 
ity of ‘ No. 
lactic Lactic organism. of Remarks. 
cul- test 
ture. 
28° s p82 Lose {| VII* | One typhoid colony developed on “1 ce.” plate at the end of 8 days. 
Bact. lactis acidi (from starter). . . NG hie Decreased in 7 hours; remained the same for 31 hours; increased. 
VI_ | Decreased in 7 hours; fluctuated for 216 hours, then increased, 
29° | Bact. acidilactici, No. 2.........- VII | Decreased in 7 hours; fluctuated for 72 hours; then increased gradually. 
VIII* | Typhoid bacilli killed within 144 hours. 

SOs ebactalacttsiactdi od Bareilles ser! i Decreased in 7 hours; immediate and rapid increase. 
BOS. I SBUCE OULGUTICUM as cesta oo. tats ofe/=0o lel -15ar0 I Increased rapidly; no decrease. 
34° | Bact. lactis acidi (from sour milk)....|  V Decreased in 24 hours; rapid increase. 
Soe ont | ENCE ULL GOTECUIS ate statelstayeleheteters oie II Increased rapidly; no decrease. 

ei 2A into , 
ae } Bact. lactis acidi (from sour milk). . { | + mae mihi oS Tour: 
42° De AOE . I]* | Killed within 7 hours. 

LEE TEE (EDEN 5. { IV* | Killed within 24 hours (probably within 12 hours. See curve 2). 

51° | Red cists ; J VI | Killed within 24 hours (probably within 12 hours. See curve 2). 
53° { Bact. lactis acidi (from sour milk). . L| IE. | Killed within 55 hours. ) 
56° Bactatachs acidt, 03) B22)... ead. II* | Checks multiplication for 55-80 hours; then rapid increase. 
60° | Bact. lactis acidi, 53 B2...........- V* | Killed within 24 hours. 
68° | Bact. lactis acidi, 53 B2...........- Ill | Killed within 7 hours. 
fae \\ Bact) lactis acult,.53)B2) oe «crac oor IV* | Killed within 2 hours. 


*Less than 5000 typhoid bacteria introduced into each ec. of the filtrate. 


dy: 


than the acid produced by any other of the above organisms. 
mum acidity recorded which destroys B. typhosus is 


OBSERVATIONS. 


The typical lactic organism, Bact. lactis acidi (from sour milk) 
produces an acid which is inhibitive to b. typhosus in smaller quantities 


cent lactie acid. 


(3) 


ae 


The acid produced by Bact, lactis acidi 
reaches nearly twice 0.3 per cent before it 


typhosus. 
The lactic, Bact. lactis acidi (from starter) and the gas producer, 
Bact, acidi lactici No. 2 have a very uncertain inhibitive effect probably 
due to their failure to produce sufficient acid. 

The acid produced by the most typical lactic organism is the most 
effective germicide for B. typhosus in lactose broth. 


3. 


The mini- 
37°, or 0.8-+ per 


53 B2, and Bact. bulgaricum 
is capable of destroying Bb. 
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Experiment V. 


Having reached such definite conclusions with regard to the germicidal 
power or inhibitive effect of the acid produced by these different lactic 
organisms in lactose broth, it becomes necessary to establish a relation- 
ship between lactose broth, and milk with reference to the relative amount 
of lactic acid which may be produced by these different lactic organisms 
in the different media. Whey was compared relatively with lactose broth 
and milk. 

The following data, establishing the above, concludes this series of 
experiments: 


TABLE XXVII.—Relative Acidity Produced by Lactic Organisms in & per cent Lactose 
Broth, Whey and Ordinary Milk. 


Bact. bulgaricum. Bact. lactis acidi (from sour milk). Bact. lactis acidi, No. 4. 

Media. Media. Media. 
Age of lactic ———_—————_——||  Ageof lactic |-——————————|__ Age of lactic |-———-———--———_- 

culture. culture. culture. ; 

Milk. | Broth .|Whey. Milk. | Broth.| Whey. Milk. | Broth.) Whey. 
CGE pgeanepecas DBIC A262 S22 4 days........ 105° | 55°} 39° ANdayshssaenn 68° | 51° 30° 
MUGaYSitseeerinsaes 299° | 115° | 87° i, GEN Geonocnes 114° oe 37° (hte Sdonueor 82° 55° eile 
LOMAS a apes 3300S AZ Sa me SSo el Olldayseenesece by 585 | ea isalplOtdayshcs-cie S7oN ose 312 
BI GEM aoonncooone SIO® | AT7Sa|) S72) W3idaystn.2-2 18h 535 Ue | ent sGmr eine Sc earis] (Booed lidocts 
UE N nga nh abeaes QOS EF2624 88e 4 days........ TU22) 7522 372 4 daysic.csicnc 70° 49° Sig 
if GES Dnauscesedar 309° | 107° | 83° ThGENE oa nober DISS P5351) S82 TW Cayseeneeeee 8320) y522 S25 
LOldaysts meee S21 1042) 84en 1 Oldaysseeences 1082}; S42} “392 ||10) daysoccee.- 87° | 54° 32° 
Asidaysyteu coos S21 OT P89 om i Sidayhenc sae 101° 54° P| ee a ee I melleoe collec at 6 
ARGAYB 8. sercvsxauiee: PARTIE 7a alii Asdayseeenen ee 112° 48° 41° Adaysissccens 69S4i- 622 $22 
MEGAYB Sones incon BIO OR Re ThORYA a. DISS) V49on Are TROavaeenE eee 8627) v52e 34° 
DONS Bir os cleisicwsen 318° 88° | 109° | 10 days.......- TH tip ALC E10 idaysaecea-i 86° te 34° 
ATOR SNemesecocta 815° | 50°} 99° CUGENegeoonee 114° | 49° 2 A daysiecnn see ##Q30 || 51° 34° 
AGAVE oe eetes ute 318° 56° | 104° UC OEE econdne 119° FE 39° W/aVSone eee 91° 52° 35° 
WONday se penicccne. 328° 60° | 108° |] 10 days........ 119° #44 89° || 10 days........ 97° ated Som 
AN ays soso se tafate/s 299° | 42° 94° 4 days: ics aces 114° 48° 44° 4 daySscnn. cee **80° | 49° 32° 
MAGAY Si ceca ete 810° | 45° | 99° 7 GENE benades T1GS ie b0 ss |e Azz ThGEAT Wonnsade ee 302 
lOndayseeseeeen ace 3102 1) 1625)\| 1049 |1O0idayaiec cee 1152 50° 44° | 10 days........ 90° Son soe 
ANGRY BH cites 303° | 61° 99° AC Ga Vne eines 115° 48° 38° Qi dayst utes oe **81° 50° oe 
TROD Rnteemiscitee 312° 61° | 101° Uo eosnooae 116° oe 41° (EGER nec oeede 94° 51c 33° 
GENER asoneeacec 318° | 102° | 106° || 10 days........ 1178 She ASSO ONGaYB. scie.tr 95° 52° 34° 


pan reac was grown in old broth that was slightly concentrated (18°+). This may have caused the exceptionally 
ugh acidity. 

The first four days the culture was kept at 21° which accounts for the low acidity at *. Afterwards these and the remaining 
oe this organism were kept at 37°C. The temperature seemed to have a marked effect on the production of acid in the 
whey cultures. 

**Milk was used in these tests in which the lactose had been inverted in the process of sterilization. It has been observed that 
peas Se (brownish in color), registers an amount of acid appreciably greater than that in unheated or in properly heated 
sterilized milk. 

***Contaminated with molds. Cultures discarded. 


The following table gives the average of Table XXVII with the corre. 
sponding percentages of acid produced in the different media. 

From this table the amount of acid required for destroying B. typhosus 
in milk may be theoretically estimated. 
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TABLE XXVIII. 


Maximum average acidity. Peeniec ae acidity 
Name of organism. ae 
Milk. Broth. | Whey, Milk. Broth. Whey. 
Bact {ganic st. .<, acticin es Re hate ole vetotor ciate «o's. 314° 80° 101° 100 25.5 32 
Bact. lactis acidi (from sour milk).................-- 113° 52° 39° 100 46 34.5 
Bactlactis'actit, NOs 4% crm jacssais <i oierore ores oles 89° §2° 33° 100 58 37 


CONCLUSIONS. 


The minimum acidity produced by Bact. lactis acidi (from sour 
milk) which will destroy B. typhosus is +387° in lactose broth. This 
corresponds to 80° acid in milk and 28° acid in whey. 

The minimum inhibitive acidity produced by Bact. bulgaricum is +-53° 
in lactose broth. This corresponds to +208° acid in milk and to 66° 
acid in whey. 

The above amounts of acid in milk corresponding to the acidity pro- 
duced in whey and lactose broth by the same organism are theoretically 
the minimum acidities at which the typhoid bacteria will be killed. 

However, in raw milk, the medium of natural infection, many factors 
enter which are never constant, e. g., the character of the initial microb- 
ial flora, the flora gained by the necessary exposure to sources of con- 
tamination, and the temperature conditions under which the milk is 
kept after being strained. 

If certain species of microérganisms are present in milk, they may, 
either by growing in association with the lactic bacteria, or by some 
of their own metabolic products cause a more rapid destruction of the 
typhoid organisms than the lactic bacteria are capable of causing alone. 
Or, on the contrary, certain species of bacteria may predominate which 
will check the production of acid by the lactic bacteria, some even living 
in symbiotic relatiou.*hip with B. typhosus. 

It is very probable that some one of these conditions will occur in the 
ereater number of infected milk samples since milk infected with typhoid 
bacteria must have been subjected to sources of contamination from 
which a varied flora would be acquired. 

Thus, while this series of experiments brings out some very interesting 
facts in regard to the influence of fermentation lactic acid upon typhoid 
bacilli, the many factors entering under natural conditions prevent any 
definite conclusions being made when these natural conditions exist. 
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MICHIGAN STATE AGRICULTURAL SOCIETY. 


To the President and members of the Executive Committee of the Michigan State 
Agricultural Society: 


Gentlemen.—I submit herewith my report of the Sixty-second Annual State 
Fair and recommendations for your consideration for the next State Fair. 

The ‘first and foremost requisite of a successful State Fair is its exhibits. 
The quality, of course, is first to be considered and the quantity and arrangement 
make the exhibit attractive to the spectator. The Agricultural Department should 
be first in order for your consideration. 

This exhibit at our last State Fair was a credit to the state and tastefully 
arranged for the benefit of the patrons of the Fair, but I think some better 
arrangements can be made in the manner of selecting and securing the several 
exhibits from the different Bureaus. 

I would set aside space along the walls of the Agricultural Building in as near 
equal amounts as possible and have the counties make their exhibits through 
cheir respective Bureaus, for the reason that each Bureau is better able to arrange 
and collect its exhibits, as they have someone in charge who is familiar with the 
work, and this is not usually the case with respect to the county exhibits. 

Another reason for this plan is that the county exhibits would pass through 
a sort of elimination process by coming under the Bureau. We would then have 
a well balanced exhibit of real merit, as the poor and commonplace part of the 
exhibit would be weeded out. 

I would then have a competitive exhibit between the four Bureaus and make a 
suitable award to the winning exhibit or Bureau. By so doing we would stimu- 
late interest between the Bureaus, thus giving us a better quality of exhibits and 
no county would lose its identity because the competing Bureau could not afford 
to cripple its exhibit on account of favoritism, because they would be anxious 
to win the award, hence we would get the best possible exhibits from the in- 
dividual as well as the county and suffer no bad results because of this elimina- 
tion as the whole arrangement and selection would be up to the respective 
Bureaus. 

I would then reserve the center section of the Agricultural Building for indi- 
vidual exhibits and truck farmers of Wayne and nearby counties. 

In my opinion we are fortunate indeed to possess these Development Bureaus, 
and we should make use of them in this way, as better results can be obtained 
through organization of this kind than soliciting individual exhibits. This fact 
is clearly shown by the strenuous efforts now being made by sister states to or- 
ganize and promote these Bureaus throughout their territory. 


DAIRY DEPARTMENT. 


The new dairy barn erected this year affords the farmers a practical oppor- 
tunity of seeing how dairying should be carried on to obtain the best results. 

It was demonstrated by practical illustrations and lectures that cleanliness 
was one of the first requisites for successful dairying. Improved methods were 
taugh. cuze farmer and the exhibit of dairy machinery in operation certainly 
was advantageous to the many interested spectators. 

However, this exhibit was not as complete as we can make it, and as this 
department mirrors one of the leading industries in the state, better facilities 
must be provided to enable us to make a showing worthy of the great dairy in- 
trests in Michigan. 

As a suggestion, suppose we plant an acre or so of corn in the spring and in- 
vite one of the numerous manufacturers of ensilage machinery from the im- 
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plement department to come over and fill our silos with this corn, thereby giving 
an interesting exhibit and providing the Society with some good feed for the 
winter. 

I believe it would also be a good plan to invite some of the instructors from the 
Michigan Agricultural College to come down and lecture on the relative values 
.of feed and the cost of producing same in different localities, as scientific feeding 
is necessary to produce the best results. 

Particular attention must be paid to the practical side of this subject, because 
this appeals to the farmer, as it Shows him how to obtain more dollars and 
cents from his investment. 

Of course, we cannot expect to have a creditable exhibit in this department 
until the dairy building is completed. With this end in view I would favor 
hiring Mr. Buck of Coldwater to go ahead with this building early in the spring, 
using the lumber and material on hand that was necessary to erect the nine foot 
wall around the cement floor of the new dairy building, as this material can 
be used to good advantage, thereby saving us $350 yearly which is the amount re- 
quired for the tent roof. 

In connection with this department, a rule should be passed compelling all 
the exhibitors of dairy machinery to show in this building or not exhibit at the 
Fair. I think when these exhibitors have an opportunity of seeing this struc- 
ture completed they will be better satisfied to show there instead of in the im- 
plement department, thus bringing us in more revenue besides assisting in mak- 
ing a creditable dairy show. A charge of fifteen cents per square foot should be 
made for space in the dairy building. 


LIVE STOCK DEPARTMENT. 


—_ 


This live stock exhibit of 1910, really put the Michigan State Fair on the map 
as we had one of the best live stock departments in the west. More exhibits of 
better quality were shown with the single exception of the Minnesota State Fair. 
Various reasons have been advanced to account for this great showing when com- 
paring it to the 1911 exhibits in this department. 

In my opinion, two causes worked the change, viz.: first, a nine day fair and 
second, the cutting of premiums in our open classes to permit us to give twenty 
per cent additional to Michigan winners. A nine day fair under our rules compels 
an exhibitor to have his stock on the ground at nine o’clock on the opening day 
of the Fair, and specifies that he must remain until the end of the ninth day or 
forfeit all premiums. It is common knowledge that many county fairs offer 
fairly good premiums and the exhibitors can make two of these fairs while he 
is attending ours and win more money. Besides, these short jumps often assist 
in getting the exhibitors’ stock to another state fair following us in better shape 
than if he were to make the distance in one shipment. 

It is a mistake to cut our premiums in order to add twenty per cent to the 
winnings of Michigan breeders, because Michigan show cattle, horses, sheep 
and swine can compete anywhere and make a good showing (if the best in Michi- 
gan is shown). If not, we do not need the poor ones simply to fill the stalls 
and draw premiums. Again, there is no State Fair in the Union discriminating 
in the open classes (some states provide a class open to state exhibitors only, but 
this does not effect the open classes). 

I have carefully gone over our records and find that the twenty per cent rule 
did not bring out any more good Michigan live stock, as the following tabulation 
shows: 


1910. MICHIGAN PREMIUM WINNERS. 1911. 
dL: SO eran arr en mh LU OER ti ELOTSOS’. . Smassce pointe sonore wockepenvieuseionere 12 

Rr tite ate, neh eioyecckatoeencusnel oe onoRobenoue S WANG: cays crton otoucietsstetece crseauere woken ie bake 9 
LO ees ator ocraccitare iro reketorete te SHEGD: ss sos echo, syave ots opens aoe lousteueverehorne 9 
i RE ae ER IGT ae Re nh in TR apo 5 Cattle re Sores tis aie Okerolioue Cinile tei oreKe 17 


In other words, the twenty per cent clause did not serve its purpose, viz.: 
bringing out more good Michigan live stock than heretofore. 
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HORSE DEPARTMENT. 


In my opinion, the Horse Department needs little comment for the reason that 
it seems to be in first class shape, and, excepting for an unfortunate combination 
of circumstances would have been better than last year. The Crouch Farm of 
Lafayette, Indiana, (who are a whole show in themselves) would have been here 
with nineteen cars of horses, except for an unforeseen shipping difficulty, and Finch 
Brothers, another last years’ exhibitor, backed out at the last moment because of 
some trouble in the past with one of our judges, but we had a very creditable 
showing as it was in the heavy draft classes. 

The night horse show was the best ever seen in Michigan, and is getting 
better every year. It is a real credit to our State Fair and premiums should 
be increased, thereby making this exhibit more attractive than ever. 

I would make this one suggestion, however, that all judges in the Live Stock 
Department be changed next year. No irregularities have occurred to my knowl- 
edge, but I think a change as suggested would be for the better. 


IMPLEMENT DEPARTMENT. 


The Implement Department was the best ever seen at any State Fair, both in 
number of exhibits and arrangement of same, and great credit has come to the 
Michigan State Fair as a result of the magnitude and diversity of the exhibits 
made in this department. 


EDUCATIONAL DEPARTMENT. 


The Educational Department was first class and had a greater number of ex- 
hibits tastefully arranged than any other exhibit of its kind previous to the 1911 
State Fair. I would suggest that we abolish the rule restricting the amount of 
premiums won by any school to $100.00. In my mind, this is unfair to the up- 
to-date schools with thousands of pupils who collectively make a much larger 
display than the small country schools with nine or ten pupils, because it is as 
fair to assume that a large breeder of live stock should be curtailed in the amount 
of premiums he can win. 


NEEDLEWORK DEPARTMENT. 


The Needlework Department would be better off in some other location, as it 
seems to me to be out of place in the Michigan Building, especially so because the 
majority of people are not as much interested in this department as in others. 
In other words, the prominent position of this exhibit is out of proportion 
to the importance of the exhibit. 


SPEED DEPARTMENT. 


You already have an exhaustive report from the Secretary of Races covering 
the financial side of this department. However, I have made a tabulation of the 
expense of free attractions in front of the grand stand and amount of purses paid 
for horse races, also, the -amount of revenue derived from this depart- 
ment, and this tabulation may assist you in determining the amount of purses 
we are to offer in the future. 


Statement showing receipts from grand stand and cost of attractions since 1909. 


Day and Night Expenses and Race Race Revenue, a 

{| Grandstand Receipts. Purses. Entry Fees, Ete. Free Attractions. 
1908 $18,069 50 $11,805 64 $6,805 50 $17,569 97 
1909 13,584 75 6,396 23 4,740 50 15,009 50 
1910 11,934 50 29,050 00 24,194 00 13,164 42 
1911 17,095 00 35,754 00 37,700 00 12,732 69 
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VEHICLE DEPARTMENT. 


There were more than double the number of vehicles displayed on the main 
thoroughfare and on the avenue leading to the Automobile Building than ever 
before, and the representatives of the different Jines complained bitterly of the 
dust and other bad features connected with their location. 

I also wish to call your attention to the valuable space occupied by this ex- 
hibit, and to my way of thinking, the nuisance of large tents of varying colors 
housing these vehicles. For example: The Flint Buggy Company occupied a space 
125 by 200 feet and the next exhibit was 40 by 60 feet. The former exhibit was 
enclosed in a round top tent and the latter in a square tent, and such was the 
case on both sides of the drive. As a result, we had an unsightly arrangement. 

I believe it would be gocd policy to provide for the erection of a vehicle 
building on the same plot of ground occupied by the Implement Building and 
place the vehicle exhibit there, because the interests of the vehicle and farm im- 
plement manufacturers are identical, and it would not do to separate the two de- 
partments to the extent of forcing the vehicle exhibitors to show on the upper 
floor of the Automobile Building, providing we are able to do so. I would arrange 
to have this building similar to the Implement Building, except to use brick 
piers instead of the steel posts along the outside wall, which would give the build- 
ing a more substantial effect, besides lessening the cost of construction. 

At the time this report was written, I had no opportunity of getting estimates 
on this building, but same will be on hand during the meeting, and if the scheme 
meets with your approval I believe, with the assistance of the superintendent of 
last year’s vehicle display, we could secure enough permanent exhibits in this 
department to bring us fifteen or twenty per cent on our investment. 

That this suggestion merits your consideration, I have only to recall your at- 
tention to the returns on our investment in the Automobile Building which ex- 
ceeds twenty-five per cent, besides bringing us more revenue through the gates. 


TRANSPORTATION DEPARTMENT. 


This phase of State Fair work has been evolved to such an extent during the 
last two years that it has become one of the big departments of the Fair. Hereto- 
fore scarcely any attention was paid towards securing additional railroad tracks 
and the grading of same, and as a result of obtaining these facilities recently 
the thousands of shipments containing exhibits to the State Fair can be reached 
by the truck men at any point on the Grand Trunk siding, thus affording an 
easy means and quicker transfer of the exhibits to and from the cars. 

Bids were asked and received from local trucking and transfer companies who 
have the facilities to take care of the loading and unloading of the heavy ma- 
chinery and sufficient teams and trucks on the ground to quickly take care of the 
transferring of exhibits to and from all departments. The Association did not 
make one cent from this privilege, but imposed conditions upon the people they 
asked to make bids on the teaming and trucking to the extent of compelling them 
to publish a schedule of prices and requiring them to provide facilities for 
handling the entire proposition and all details connected with it. 

The Reading Truck Company was finally selected to do the work and they 
performed their duties satisfactorily to the management of the Fair, as well as 
to the satisfaction of the numerous exhibitors. 

However, there is one matter in connection with this department that must be 
remedied before the next Fair. We must keep out the cheap one-horse express- 
man and nearby farmers from coming in on the grounds and transferring the 
lighter exhibits at cut prices with no regard to taking care of the situation. These 
people are undesirable because we cannot depend on them to do any stated 
amount of work, aS we have no supervision over them and they are not accountable 
to us for their work. Neither is it fair to the Truck Company, because we de- 
mand that they keep eight or nine teams in readiness to take care of all the 
work, and part of the time they are forced to remain idle because of the actions 
of the undesirable parties referred to above. If something is not done with 
reference to this matter we will have trouble in the future in taking care of the 
trucking because no company will contract to do the work under the present 
conditions, and as a result our exhibitors will become dissatisfied. 

The superintendent of this department handled all tickets and badges in 
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connection with his other duties in a satisfactory manner. There was no con- 
fusion, and everyone entitled to a ticket or pass obtained same without any 
trouble. I think it wise to handle this work in the same manner next year, 
as the Finance Committee is sometimes engaged elsewhere and cannot attend to 
the details of handling the tickets and badges. Furthermore, concise reports con- 
taining all information relative to tickets and badges were made daily and handed 
to the proper officials. 

I wish to call your attention to another matter in connection with this de- 
partment. We have no freight sheds and all L. C. L. shipments must lay in the 
cars or remain on the platform between the side tracks until such time as they 
can be moved, and the Grand Trunk should be compelled to build suitable sheds 
for housing these shipments, as they have a monopoly on all freight shipments 
to and from the State Fair Grounds. 

To follow the same line of reasoning, we compel the D. U. R. to build shelter 
stations, establishing up-to-date exits and walks for the convenience of our pas- 
senger traffic, but the Grand Trunk Railway is given sufficient space for their 
tracks and possess the same rights and privileges in the freight traffic that the 
D. U. R. does with the passenger traffic and they should be compelled to provide 
for the convenience of their patrons in the above manner. 

In my opinion, a resolution should be passed after consultation with Rail- 
road Commissioner Dickinson, making it mandatory on the part of the Grand 
Trunk Railway to erect a suitable building about 40 by 80 feet on their siding for 
the purpose of housing all L. C. L. shipments during the Fair. 


GATE RECEIPTS. 


We will first take up the matter of outside gate receipts and I herewith submit 
a tabulation showing the amount of gate receipts for the last four years, be- 
ginning with 1908 and ending with 1911: 


Total gate receipts as per annual report 1908........... $59,348 26 
Total gate receipts as per annual report 1909........... 53,820 83 
Total gate receipts as per annual report 1910............ 60,004 95 
Total gate receipts as per annual report 1911............ 60,989 50 


These figures represent a total of all gate admissions from all sources and in- 
clude the revenue derived from advance sale of tickets during 1908 and 1909. 
This comparison is made for the purpose of showing that more actual money was 
collected from a smaller attendance during 1910 and 1911 because it is fair to 
assume that more people will attend the State Fair during good weather, as was 
the case in 1908 and 1909, than when we had from two to three days rain and a 
street car strike to contend with this year. 

This proves that the pay-as-you-enter system is superior to the old ticket 
system as far as the outside gates are concerned. 

In my opinion, the same conditions exist relative to equipping the grand stand 
entrances with the Bright Turnstile, as I can see no reason why the patrons of 
the grand stand are entitled to leave and return the same day without paying an 
additional fifty cents any more than they should expect to go down town after 
paying their fifty cents admission at the outside gate and expect to be re- 
admitted to the grounds again because they have previously paid one admission 
on that day. 

We provide free toilet service in the enclosure around the grandstand, beside 
first class facilities for eating and drinking inside the stand. Confections and 
cigars are sold and peddled all through the grand stand, so no excuse or com- 
plaint can be offered by the patrons for leaving the grand stand and expecting 
to return free. If this plan is carried out we will eliminate all chance of forged 
tickets, switching badges and the usual irregularities that accompany the ticket 
system; also the expense of printing tickets except the few reserved and box 
tickets which can be sold in the usual way without interfering with the cash 
turnstile system because the reserve tickets are issued simply to designate a 
certain box or seat after the purchaser has paid his general admission to the 
grand stand. 
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CONCESSIONS AND PRIVILEGES. 


A rule was passed by the Business Committee compelling all concessionaires 
to purchase their daily admittance to the grounds; also raising the price of corner 
concessions twenty-five per cent. This is a good rule except in many cases it is 
hard to follow, for example: The Detroit Creamery, New England Pie Company, 
Barlum’s Wholesale Meat Company and Vernor’s Ginger Ale concessions hire 
boys to peddle their wares on a commission of fifty per cent and the average 
wages of these boys will not exceed sixty cents per day. Therefore, it is im- 
possible to force these boys to pay fifty cents to get into the grounds. 

One advantage this rule has brought about is that we actually know the num- 
ber of admissions each concession requires, and the number of tickets used by 
each concessionaire has been written on his 1911 contract. Under these circum- 
stances, the Fair Association could afford to give free tickets in similar amounts 
next year, and if the concessionaire demands more tickets I could show him his 
1911 contract and explain to him that this number of tickets was all he needed 
for the same concession during 1911 when he was compelled to pay for them, and 
of course, refuse to give him any more. As a matter of fact, this class of tickets 
netted the Fair but $1,000 this year. 

I think it was noticeable that the concessions of this year were of a better 
class, and less fakirs were on the ground than in previous years, and with the 
idea of eliminating all undesirable concessions, I think it would be policy to 
limit all concessions to $100, thereby barring the cheap jewelery, knife racks and 
other undesirable concessions. We would suffer but little financial loss and gain 
much in prestige by making a rule of this kind, and the Michigan State Fair 
can afford to take this step, as was proven this year, because, minus the bar 
privileges and a large number of the above concessions, the State Fair Associa- 
tion cleared over $24,000. Besides we should look more to what is best for the 
State Fair in the future rather than how much money we derive from these un- 
desirable concessions. This also applies to the bar privilege, because it is more 
obnoxious to a large number of our patrons than the cheap concessions referred 
to above. 

I wish to further emphasize the statement because the mere fact that the state 
does not make a donation for paying premiums or making improvements to the 
grounds, as in other states, and up to the present time has failed to take any 
steps towards taking over the State Fair, is no excuse for selling the bar privi- 
lege, because we must keep our skirts clear. Some of you may say we will be 
unable to pay the interest on the bonds or meet the current expenses until next 
Fair unless we let the bar privilege. My answer to this is that we got along 
under the most trying weather and other adverse conditions during the past two 
years without the bar, and as a result, the standards of our Fair have been 
greatly increased. Furthermore, in my estimation, it is hardly logical to adver- 
tise a great educational treat and a short course in agriculture to our patrons 
and then bring our boys and girls to the Fair and exhibit a saloon in full opera- 
tion on the grounds. 

It has also been stated that the Toronto Fair, which is the largest on the Con- 
tinent, operates a bar. As a matter of fact, no intoxicating liquors are sold, 
but a beverage called “Star Beer’ is sold which tests under one per cent. Besides 
it is commonly known that no State Fair in the Union is selling intoxicants of 
any kind on its grounds. The only reason that can be advanced for selling this 
privilege is that we need the money and cannot get along without it and pay 
our expenses and premiums. However, if a correct depreciation charge and proper 
distribution of earnings had been made previous to 1910, the net profits of last 
year’s Fair would compare favorably with those of any year during which liquor 
was sold on the State Fair Grounds. It is also well to mention the fact that 
better weather conditions prevailed previous to 1910 and 1911, as no bad weather 
was encountered during the Fairs of 1906, 1907, 1908 and 1909. 


APPRAISAL OF LAND AND BUILDINGS OWNED BY THE SOCIETY. 


A practice has been followed in making out the annual report of charging all 
work on buildings, water and sewerage systems, electric light plants and other 
real estate, to the Permanent Improvement Account. This practice has resulted 
in an inflated valuation of this property. For example, I beg to call your atten- 
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tion to the amount charged to the electric light plant, which according to the 
last annual report amounted to $23,011.88. As a matter of fact it is doubtful 
if the plant is worth half this amount. Under the circumstances it was impera- 
tive that an appraisal of this property be made, and with this idea in view, we 
engaged the Hannan Real Hstate firm, Mr. Wooley, President of the Detroit Real 
Estate Board and Mr. Milby, Architect, to make an appraisal of the buildings 
and land owned by the Society. 

A total charge of $411,468.45 stood on the books representing the building and 
permanent improvements to the land. The depreciation charge against these 
buildings has cut this total to $366,159.38. This would have been a dangerous 
practice if followed and would have resulted in misrepresentation of the real 
value of our holdings. Fortunately for us, the land acquired by donation from 
the citizens of Detroit and the purchases made by the Society were carried on 
our books at $103,357.12 and the appraisal showed this land to be worth 
$208,912.50. The entire depreciation charge on the buildings and other perma- 
nent improvements amounts to $73,381.62 which is subtracted from the building 
account of $411,468.45 and shows the actual value of our property. 

In the future we will open a separate account with each building, and a main- 
tenance and repair fund will be established to be separate and distinct from the 
permanent improvement account, thus preventing an inflated valuation of the real 
estate and fixtures in the future. I wish to comment on the depreciation charge 
made on some of the buildings, namely, The Michigan Building and Speed Barns, 
which was made necessary because they were set upon wood underpinnings. I 
believe it is advisable to substitute cement or stone underpinnings for all wood 
foundations, thereby reducing the depreciable cost on these structures. 


SUGGESTIONS FOR THE FAIR OF 1912. 


Inasmuch as we have purchased the Pay Closets, I think they should be open 
to the public, and if advisable we can equip, say six or eight of the toilets in 
each building with a nickle-in-the-slot lock, thereby affording privacy to such of 
our patrons as are willing to pay for this privilege. 

Another matter that deserves your attention is the establishment of a perma- 
nent, first class dining hall where the patrons of the Fair can obtain good clean 
food in a respectable place at a reasonable price. 

This arrangement can be brought about by making a contract with some first- 
class caterer who possesses the facility for operating a serve-self lunch and dining 
room, and for this purpose I would lease one-half of the space under the grand 
stand and arrange it so as to give access to all visitors outside as well as those in 
the stand. 

If this suggestion is followed, we will be filling a long felt want, besides adding 
a valuable asset to the Fair. I think you all agree that the majority of pleasure 
seekers at a State Fair or at any other public amusement place, desire good 
clean food properly served, as it certainly adds to their pleasure, and we, as pro- 
viders, should do all we can for the entertainment and convenience of our guests. 

I would also establish a short course in Agriculture, Dairying and Animal 
Industry for representative young farmer boys chosen from the different counties 
throughout the State. 

The State Fair would receive thousands of columns of free advertising in the 
country press as a result. Besides every farmer in Michigan would learn of this 
plan through the pupils attending the country schools where the examination 
for applicants would be held, thereby bringing his attention to the State Fair 
and interest would be aroused among the farmers and their annual attendance 
would be assured. 

Just estimate the number of boosters the State Fair would secure among 
the farmers provided this school was continued for five years, as no boy would be 
allowed to succeed himself. Hence, we would have one thousand young men 
praising the efforts of every member of this board who assists in promoting the 
school. In addition to the boys’ individual advertising, relatives and acquaint- 
ances of each would take an active interest in all matters pertaining to our 
State Fair. 

Advertising such as this cannot be approached in effectiveness, because it really 
interests the people we desire to reach, and the money I am asking you to appro- 
priate for this cause can be deducted from our advertising fund. 
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What we really need now for the betterment of everyone is more farmers, farm- 
ing scientifically and the State Fair of Michigan can do more towards promoting 
this movement than any other agent, not excepting our Agricultural College at 
Lansing, and what is more, it is our duty, because it is one of the fundamental 
objects of an up-to-date State Fair. 

I respectfully suggest the following plan of starting the great movement of 
“back to the farm” throughout the great State of Michigan. 

Organization of School: The Michigan State Fair Association will give 100 
boys an opportunity to study the best methods in agricultural and animal in- 
dustry at the State Fair in Detroit, September 16 to 21st, under the direction of 
experts from the Michigan Agricultural College and other well known authorities 
on stock raising, diseases of live stock, ete. 

Competitive examinations will be held in each district school under the super- 
vision of the County Superintendent, and all boys between the ages of 14 and 19 
years are eligible to take the examination, providing the applicant intends to 
following agricultural pursuits. The five boys obtaining the highest credits in ex- 
aminations will meet a committee composed of the Local Master of the State 
Grange, County Superintendent of Schools and the Chairman of the County Board, 
who will pass on the candidate’s fitness to take the course, examinations to count 
50 per cent and the knowledge of agriculture and general fitness the remaining 50 
per cent. The candidate best fitted in the minds of the committee is to be given 
a free trip to the Fair and all his expenses paid while in Detroit. 

A certificate will then be issued in duplicate to the winner by the County Super- 
intendent, and upon receipt of the same the boy will retain one copy and forward 
the other to the Secretary of the State Fair, Detroit, Michigan. 

All candidates are expected to arrive at the State Fair grounds not later than 
Monday noon, September 16, and report to the State Fair office immediately. Boys 
should bring towels, soap, comb, brush, collars, needle and thread and also a pair 
of blue overalls, colored shirt and blue handkerchief which will be worn while 
on parade. Valuable watches and jewelry must be left at home. Profanity or 
dissipation of any kind will not be permitted. Rules and regulations similar to 
those of any well organized camp will be laid down and any violation on the part 
of the candidates means expulsion. 

Tents and cots will be provided by the State Fair in a permanent camping 
ground established on the plot of ground opposite the Main Building. 

Five hours work each day will be required from the boys in cleaning up the 
grounds and other light work. The balance of the day will be taken up with 
lectures and visiting the different exhibits in squads of ten or twelve under the 
direction of Y. M. GC. A. assistants. The boys will also be given opportunity of 
assisting in judging in the show rings, agricultural and horticultural depart- 
ments. 

Lectures each day will be given in one or more of the following subjects, by a 
recognized authority. 

Animal Industry, 
Dairy Products, 
Agriculture, 
Horticulture, 

Road making, 
Diseases of farm stock. 

In addition to these lectures, we will have a talk from the Governor of the 
State and one or two members of the Executive Committee of the Michigan State 
Fair. 

In order that this program may be successfully carried out, a superintendent 
must be appointed in charge of the work who will give his time and attention to 
the numerous details in connection with the program, and the selection of this 
superintendent, should in my mind, be made by the President and Business Com- 
mittee. I think we can expect co-operation of the State Grange, Gleaners and 
other worthy organizations in developing this movement. 

There follows a detailed list of premiums and awards. 

Respectfully submitted, 
J. E. HANNON, 
Manager. 
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PREMIUMS AND AWARDS. 


CATTLE. 
Breed. No. of Entries. Herds. Offered. 
Short Horns (open to all).... 90 30 $614 00 
Special paid by American 
Short Horn Association. 
SSECOLS Atte hters acs ave ores cis iawarns 15 148 00 
Short Horns (open to Mich.).. 42 15 230 00 
PRolled@burham, sccoeece okie es 67 20 671 00 


Special paid by Polled Dur- 

ham Breeders’ Association. 

IETCRCLOT GE! Seeias ee ero sine ce ele 50 19 671 00 
Special paid by American 

Hereford Cattle Association. 


Aberdeen: Ansus 2.5). b.. See. 65 26 671 00 
Special paid by Aberdeen An- 

gus Breeders’ Association.... 3 
Gallowayarricmic ie esens esis 3 4 671 00 
JOTSCVA Air reiek 2c cle earns 72 iy 655 00 
Special paid by American Jer- 

sey, Cattle (Club's ats cictaccrs tre 5 

(GULEL SOY reps tsve Resshen hale Sieh a als orale 45 12 655 00 
Holstein-Friesian ............ 54 107 655 00 


Special paid by Holstein-Fries- 
ian Association. 


ASVT SILOS erin eetre heroes 66 20 648 00 
Edw OEM cary here. e roinieie avekers ss 90 32 614 00 
STON WASSE aie arse ovens eronero 6 47 15 607 00 
Day COWS *otsance ee cranes 10 as 100 00 
WAGE OLECTSh nae ea se aioe 21 6 115 00 
Herdmenis special sace- sone 30 00 
2095) paid one Michizane bred cattle... seas sees ones ee 6 eee 

783 233 $7,753 00 


Paid iby, American Short Horn Association: .440.<222+sseeer eons 


HORSES. 

Breed. No. of Entries. Offered. 
Standardesred \ cee eee 46 $451 00 
No class 15. 
RACKING YS Moat ats settee hee cia etyaie 63 436 00 
French and German Coach.... 3 436 00 
Americam Carriage ..i.....6: 60 443 00 
EELCHCrON, sii cet eee 10 492 00 
Special paid by Percheron Asso. 
ClyiG CRG ae ss. on ese Seas oe 19 465 00 
Rn elhishsShineshe... sac se ses. 3 a 42 00 
Bel eran ker otc othe etc aie ati 459 OO 
Heavy draft mares and Geld- 
DIES Shes ya's tae wo kev icles «, obeme svas oat Soe 36 311 00 
No class 24. 
Shetland Ponies (breeding 
SOCKS)» Vie eten a tatas crac near deere ok oe 25 172 00 
Jacks andsmulesee.. space ce 0 142 00 
ROASTS rs tar. cette = sieves oe 59 300 00 
RGAGSTCr SClASS an oe ocisine eainise 69 1,100 00 
STONE GC RR eee pee ae como 72 720 00 
SHCLANGREEODICS: v.jc50 5 os) 4 selene 3 225 00 

507 $6,624 00 

LOG omDaGeOm Miche Bred: IOrSeS tar 5 lorie re 6 oe) «5 ociarcre- oo Ghee cteiare eres iene 
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Awarded. 
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$368 
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SHEEP. 
Class. Breed. No. of Entries. Herds. Offered. 
31 AMerICAan es VierINOSsee reer 76 13 $210 00 
3 Delaine Merinoses.on. cee eee 69 10 210 00 
No class 33. 
34 LRtmaacooalblee Se oiaco coo udsoooDS 76 10 210 00 
35 TITMICOIMN: pet omeed ieee c aeie etree 83 14 210 00 
36 TSCISCESECTAN Sateaty. elo eee eerereke 30 6 210 00 
BHU Cotswioldue Wsneian ae sb ete 69 9 210 00 
38 Shropshiner.pcscicnsme Mees ces 132 17 210 00 
Special paid by Shropshire 
Association. 
OxfordeDownins. once eee eee 3 3 
Special by Oxford Down Asso- 
ciation. 
Hampshire Downes sciesee aeeiee 69 7 216 00 
Special by Hampshire Down 
‘ASSOCIATION Eo eacdsic cower eee 61 vi 210 00 
SLO E EKOKON, OLN Gia a EAA BESS Cieeone 69 14 210 00 
Horned! Worse ce. seen eee 300 1 210 00 
Dap uSheepe ms nase cece: 49 ALi 90 00 
20% paid on Mich. bred sheep 
823 plat $2,406 00 
SWINE. 
Class. Breed. No. of Entries. Herds. Offered. 
44 IBerkshitegseteres cus cet 64 15 $347 00 
Special by American Berkshire 
ASSO ClAULON eel. c eee nse: terete 6 
Special by Hibbard and Bald- 
win. 
Special by C. L. S. Bartlett 
PolandiChinase aetna 25 4 352 00 
No class 46. 
lslenanosttuiResy: sobcoanonnncloooode 37 12 352 00 
No class 48. 
Victoria and small Yorkshire. 3 12 352 00 
@hesterswititer =... cress cen 48 11 352 00 
HaTreZemVOnKSHITe tress cctees...ocie 3 8 352 00 
PUTO JeCLSCYyie alesse cules es tal 16 352 00 
Special by Duroc-Jersey Asso- 
eiation. 
Pare OI thay ered worela ros tenoteve erecta. Dil 12 352 00 
IAC AHOSS  erecclo eee ewig ous ahetetevoleyeneriecens 0 0 44 00 
20% paid on Mich. bred swine...... 
373 90 $2,855 00 
POULTRY 
Class. No. of Entries. 
55 AMERICAN: 
lata Rol ledhiaaavobhlo dave chien mnatios6 antecloomaococand oo adr 32 
WihitesbPlivaioubh ROCK t eon cbycceue Meare oe Ronee Ree ere 115 
Bit. Plymouth Roek 22%. oss. a cre eienste oot Weer haere 23 
Partridseceiymoth, Rockin asters ocrerane S erciereeeensions ai: 
Silver ‘Penietled) AROGK: «405.2. dsnlacwe ae oe toe eo 12 
Oforlbhoal one: hawk! ade, cl sre ee Ree ERE Ge aT ee Be arc 3 an 4 
Golden: Wyanidiottesy aia. acts hee ee eee ee 10 
Silver: SWWANGOLTECS*s chic 5 sccce oe Ne hee Sire eee 9 
Bud! Wy ald ovves os iii is ve toca ia tole naverses eet tele eatin eee ome 14 


Awarded. 
$194 00 
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202 
202 


159 
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152 

60 
124 


$3241 


00 


00 
00 
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00 
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00 


Awarded. 
$288 00 
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AMERICAN: 


Black Wyandottes .. 
White Wyandottes .. 


No. of Entries. 


mf of ai'e| awe) af 0, a)[6).¢) 4, 6 \8) we) «)-«\.0\ © a) 4/0/60 6 | 6)\0\¢, 


TEeiie).e) #:u) es) eee, ee, 006) 2) -e1e) oj se, 0), ee) Oy 8) oehe,.e 


Silver. Penciled QWvaNndOttess. «cos 6 «rasan oie a of a eaters 


Partridge Wyandottes 


Ryle elie jie}.e! 0 .el,e) 0, -6,:8\.6,,01,0) 6. 6) w; €,.6; ol ey 0.0) 0 fey io.\e 
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Re Cer nodem IS An deed= 3 os fas, aerdtrot as, sn ticea ov coke 
SRC Node ssa Ged oscerelepatayo craiac se 5 yet eves svabenesapens 


ISWECKEVES Ts etraclesaras 
DOMINIGWES “W)..6 «5.55% 
Vine -JRVIAS) wos sale er 
Mottled Javas ...... 


ASTATIC. 


Brahmas light :..... 
Brahmasidark <2 4.2 


CochinVibiiiiaes sere. 


Cochin partridge .... 
Cochinsblacke a... .-- 
Cochin WiRIGE.s . <ct2 
Langsham black .... 
Langsham white .... 


ENGLISH. 


Dorkins, colored .... 
Dorkins, silver gray 
Dorkins, white ..... 
Orpingtons, R. C. buff 
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Orphine tons = (SCJ pulisss. 2:6 os.2 crates eieche ste sere 
OxnrpinstOns. eRe yc Ae Kew reareto a ety see awone ieee ee 
WEI SEON See Soe OM AC Ket sep scp aen yo aoeskeis ae lewa oo eure 


Orpingtons, R. C. whi 
Orpingtons, S. C. whi 


(Woe HERES Soe Sober Cee ecreee 
(Hos Be daie aren ae ee ee ERE eee 


Orpinetonswee ©. eSDaAlN elem ae yerer above dh eae ers 
OT PINATONS ss Ss COTATI OTE <y yey cess ae tares char ove Noe etev co ona eke ave) 


Aiilonhieysr er ecre ao oe oad 
1ReeY0 Wel O21 0's) ate Seema 
Lakenvelders ....... 


FRENCH. 
HIGUGaNS 2. aoe ep 
Havorellesi = Jot. 0-0 
GAME. 


18% Aspe dave ero cttoaaee 
ISGOW IEEE. js 001s is 
Duckwing Silver .... 


Duckwing Golden ... 


Riedie yew fs. ee 


Wihite shee neem oo sake 


AC Kates ciao tee ae 
BITCH ere eee 
Cornish Indian’ > 3. 
Wihitesindian= 35... 


MEDITERRANEAN, 


Spanish Black ...... 
Minorcas Black R. C. 
Minoreas Black S. C. 
Minorcas White R. C. 
Minorcas White S. C. 
Amdalusians! 25... 6. 
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